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正. Abstract
Bomby∠ mori nuclear pOlyhedrosis virus (BmNPV)and
S⊇OdQ⊇tera ■itura NPV (SlNPV)were ana■yzed using various
mo■ecu■ar biO■Ogical techniques tO examine the structure and
functiOns of bacu■ov■ra■ genOmes.  cene ■ibrar■es cOvering
the entire genomes Of the two viruses were initially
constructed in plasmid vectors.  cOmplete phys■al maps f
the BmNPV and slNPV genomes fOr several restr■ction
endonucleases were cOnstructed by hybr■dization and dOube
digestiOn exper■ments.
In the BmNPV genome five major regiOns of hOmo■ogously
repeated (hr)Sequences were fOund.  The BmNPV hr sequences
had very high cOnservatiOn ofsequence7 ■ Cation′ and
or■entation cOmpared tO hr sequences prevェously fOund in
Autocrrapha californica NPV (AcNPV)′ hOWeverr an inversiOn and
rearrangement of sOme sequences were observed.  Excluding the
hr sequences, the BmNPV genome was made up of unique
sequences, which cOnsisted of Open reading frames (oRFs)and
their f■anking sequences.  MOst oRFs identified between 86.3
and 99.6 map un■ts possessed ■ate and/Or early gene promOter
motifs and pOly (A)+ signals′ indicating that they were
actively translated.  Furthermore′ the coding sequences and
location of fOur immediate―early gen s and One late gene
(p74)were found to be well cOnserved between BmNPV and
AcNPV.
Four different polyhedrin genes of BmNPV and slNPV were
ェso■ated, sequenced, and character■zedo  An amino ac■d
sequence substitution was found to be respons■b■e for a
change in the ■nc■usion body shape from po■yhedral to
cuboidale  sequence ana■ysis of the polyhedrin genes of two
SlNPV isolatesァ oT2 and CC5, showed that OT2 is an AcNPV
variant and cc5 be■ongs to a previously unknown 旦. ■ittOralis
NPV group, which is re■ated to orvcTia pseudotsucTata NPV.
Based on the effects of the 5′ non―translated region of the
polyhedrin gene′ new transfer vectors with high expression
characteristics and with multip■e c■oning sites were
constructed for foreign gene express■on.
The po■yhedrin gene was used to study the mechanisms of
prote■n ocalization in the nuc■eus.  A spec■fic consensus
nuc■ear ■oca■ization signa■ found in other eukaryotic ce■■s
was found in the BmNPV p01yhedrin geneo  when this region was
deleted by treatment with Ba13■ exonuc■ease and examined
using a marker rescue technique, the resu■ting recombinant
v■ruses expressed mutated polyhedr■n which localized in the
ce■ cytOp■asm.  These results showed that insect cel■s use
the same protein trafficking mechan■sms genera■■y found in
other eukaryotic cel■s.  It was also found that nearly the
entire amino ac■d sequence of po■yhedrin ■s necessary for
norma■ crysta■■ization to occur.  The deletion exper■ments
showed that ■)the Shape of polyhedra is cOntro■■ed by C―
terminal amino acids and 2)aminO acid information controls
po■yhedra■ size.
II. Introduction.
Insect―pathogenic viruses are general■y classified into
seven families.  Most insect―pathogeni  viruses fa■■ into
the fami■y′ Baculoviridae, which consist of three
subfamilies′ nuc■ear polyhedrosis viruses (NPV)′ granu■o is
viruses (GV)′ and nOn―occ■uded viruses.  Viruses in the
fami■y Bacu■oviridae are characterized by circu■ar dou ■e―
stranded DNA genomes 80-■60 kilo bases (kb)in ■ength and
rod―shaped enve■oped virions (Matthews, ■982).
NPVS are found in several orders of insects′ main■y
■epidopterans′ and have the unique characteristic of
produc■ng prote■nacous nuclear occ■us■on bodies, which can
each incorporate a ■arg number of progeny v■ra■ particles.
GVs prOduce prote■nac■ous ■nc■us■ons′ ca■■ed granu■es′ which
can each incorporate one progeny v■ra■ partic■es.  Other
■nsect v■rus fam■lies, including cytoplasm■c po■yhedros
virus (CPV)and insect poxvirus′ are also able to produce
large prote■nac■ous inc■us■on bodies which conta■n many
progeny v■ral particles.  The production of v■al inc■us■on
bodies ■ a unique character■stic of insect―pathogen■c
viruses.  These inc■usion bodies p■ay an important role for
v■ra■ transm■sS■on ■n the fie■d by protecting embedded v■ra■
partic■es from UV light′chemicals′ etc. in the soi■ for
pro■onged per■ods′ presulnably more than severa■ye rs.
viral epidemics in the field are a maうor aCtOr in the
contro■ f insect populations (Granados and Federici′ ■986).
For this reason they have been consェdered for use a  a
natura■ insectic■de.  For exampler oryctes rhinoceros
bacu■ovirus has been heavily used for pest cOntro■ of
coconut trees in the south Pacific (Redford, ■986)′ and
Anticars■ gemmatalis NPV has been used for pest cOntro■of
soybean in Brazil (」ohnSOn and Maruniak, ■989).  TheSe
applications have been pr■mar■■y based on the efficacy of
baculoviruses fOr pest cOntrol (Granados and Federici7 ■986)
and safety factOrs (summers et al., ■975)。  SpOdOptera
■itura NPV (S■NPV)is alSO COnsidered as an efficient
contro■■ing agent for 旦・ ■itura (okada, ■977) whiCh iS a
major pest of vegetable crops in Southern and western 」apan′
however, very few genetic studies have been performed on
this virus (See Maeda et al.′ ■99o).
BombMx mori NPV (BmNPV)is a maぅOr diSease of the
s■lkwottlll, 旦。 mOri7 in Sericu■ture.  PrOtection of reared
s■lkworm colon■es from vェral infectiOn is cruc■al for
obtaining high quantities of high qua■ity cocOOn for si■k
productiOn.  A■though many etiological and histOpatho10gical
studies have been cOnducted7 1itt■e has b en reported On the
genetics Of BmNPV at the molecular ■eve■ (see review of
Horie & watanabe, ■980).  NPVs are generally characterized
as e■ther sNPV or MNPV depending on the number of
nucleocapsids within a v■ra■ enve■ope embedded in the
po■yhedrao  A■though BmNPV is ■isted as representative Of
SNPV (Matthews, ■982), BmNPV also produces a MNPV form.  In
an estab■ished ce■l ■iner it has been reported that Only the
SNPV form is Observed (Inoue & Mitsuhashi, ■984).  In
larvae′ most progeny viral partic■es (more than 9oそ)are the
S― fo■lll and the ratiO Of s― nd M―fOrms depends On the
infected organ (watanabe, ■975)。  Even after p■aque
purificatiOn, BmNPV sti■■ shOws this heterogene■ty and this
ratio does not change sign■fic t■y after passage in vivO Or
in vitro (see Maeda and Majima′ ■99o).  The mechanisms
behind the MNPV and sNPV phenotypes pOse an interesting
sc■entific questiOn with regard to the processes of prOte■n
assoc■ation within cells and v■ral assembly。
Bacu■ov■ruses have been cOns■d red as effic■ent vectOrs
for expression of fOreign genes in insect cells (Luckow and
Summers′ ■988, Mi■■er, ■988デ Maeda, ■989a, Luckow′ ■99■).
Bacu■ovェra■ expression systems exhibit numerous advantageous
characteristics ェncluding high express■on rat , correct
post―ranslationa■ m dificatiOns′ and authentic antigenic
properties.  The very strOng prOmoter of the pO■yhed in g ne
■s essentia■ fOr high ■evel production of fOreign genes by
recombinant baculov■ruses′ hOwever′ the pOlyhedrin gene Or
gene product is not essentia■ fOr v■ral prOgeny productiOn.
The pO■yhedrin prOtein accOunts fOr about 30そ of tOtal
ce■ular prOte■ns at a late stage of infectiOn.
Furthettll10re, Since pOlyhedra are visible under the light
micrOscOpe, a recOmbinant NPV carrying a fOreign gene after
the po■yhedrin prOmoter by replacement of the po■yhedrin
gene can be ■sOlated eas■ly by screen■ng fOr infected ce■ls
lacking polyhedra■ production。
TWO NPVs, BmNPV and Autographa ca■ifOrnica NPV (AcNPV)ァ
are cOmmon■y used for express■On experェm nts′ hOwever′ the
BmNPV system has the advantage of having a wel■ studied and
easy tO use in vivO hOst′ the silkworm (Maeda et a■.′ ■985)。
To date more than twO hundred different genes have been
expressed using bacu■ovirus expression vectOrs (see review
Of Luckow′ ■99■)for basic research and specific
app■ications.  of current interest in medicine in the un■ted
States is the use of a recombinant bacu■ovェrus―expressed
enve■ope protein of the AIDS virus (HIv―■) (See Maeda′
■989a)for testing as a possib■e AIDS vaccineo  Recently′
the silkwOrm and the bacu■Ov■rus express■on vectOr system
has a■sO been used fOr the productiOn Of can■ne interferon
a■pha fOr veterinary use ■n 」apan。
Until recently most studies Of bacu■ovirus replicatiOn
have been conducted using in vivO systems (larvae)mainly by
histo10gical, histochem■cal and m■croscopic analysis.
Initial infectiOn Of larvae by bacu■oviruses Occurs after
v■ra■ particles are re■e s d from ingested inc■us■on bOdies
by a■ka■ine protease degradatiOn in the digestive juice。
Released viral particles attach tO microvilli Of midgut
cel■s and rep■icatiOn initiates in the midgut tissue′
however, only a limited nulnber of midgut ce■ls, cOlumnar and
regenerative cells′ ar  initially infectedo  After the
replication Of baculov■ruses in m■dgut cells, budded non―
occ■uded v■ruses fron the basement membrane spread into
various tissues of the body cavity Of ■arvae (see Keddie et
a■.′ ■989).  The initia■ target tissue in the body cavity is
hemocyte.  At a ■ate stage of infection (3-4 days post
infectiOn), Viruses can infect and rep■icate in almost al
larva■ tissuese  Fat body is the major target organ of viral
rep■ication and production of po■yhedra ■s observed in most
fat body cells.  At a very ■ate stag  of infectiOn (one Or
two days prior to larval death)′f t bOdy nd other cells
start to degenerate, resulting in the whitish appearance of
hemolymph due to the large number (mOre than a hundred per
Cell)Of po■yhedra■ inclusion bOdies released from lysed
ce■s.
The establishment of an in v■trO replication system
(eStab■iShed ce■■ lines)and mO■ecular biological techniques
(See Cranados and Federici, ■986)has ■ d tO a greater
understanding of the rep■ication of bacu■ov■ruses.  MOst
insect v■ruses do not replicate or replicate poorly in
established cell lines.  AcNPV′ however, which possesses
re■atively w■de host spec■ficity rep■icates rapid■y in vitro
and a great wea■th of know■edge of the mechan■sms of v■r ■
rep■ication has been accumulated using this bacu■ovirus as a
mode■.
Historical■y insect viruses inc■uding ba u■oviruses
have been c■assified (Latin name p■us subfamily name)based
on the■r host spec■fic■ty which is general■y narrow。
Recent■y′ hOwever, DNA restriction ana■ysis has a■l wed more
sensitive and accurate c■ass■fication of bacu■ov■ruses.
Using these techniques the genetic relatedness of many
insect viruses have been quantitative■y compared (e・g。′
smith and Summers, ■982).  In addition, ■n vitro systems
have spawned p■aque isolation techniques for the recovery of
pure v■ra c■ones including mutant clones.  Using these
techniques, w■■d stocks of baculovェruses have been found to
be genetical■y heterogeneous (Lee and Miller′ ■979)and are
sometimes mixtures of complete■y different viruses (Maeda et
al.′ ■990).  Taxonomical distance among baculoviruses has
a■so been studied using hybridization techniques (Smith and
Summers′ ■982).  Although Kondo and Maeda (■99■)h Ve
recently shown that hoSt specificity of baculovirus can be
changed (expanded)by reCOrnbination of two baculoviruses
having different host Specificity′ the r al mechanisns of
host specificity are stil■ unknown.
To date about 40猪 Of the entire genome of ACNPV has been
sequenced and more than ten genes have been ■d tifi d′
sequenced′ and character■zed.  The polyhedrin gene of AcNPV
was the first bacu■oviral gene to be identified and
sequenced (Van lddekinge et al.′ ■983). S ruCtural
polypeptides of AcNPV that have been isolated and sequenced
inc■ude: enve■op  protein (WhitfOrd et al.′ ■989), CapSid
protein (Thiem and Miller, ■989), DNA binding protein (WilSOn
et a■., ■987), and pOlyhedral enve■ope protein (Russe■■ and
Rohrmann′ ■990)。  Non―Structural proteins that have been
isolated and sequenced include: DNA pO■ymerase (TomalSki et
al.′ ■988), p74 related to virulence (Kuzio et al.ァ ■989),
immediate early genes (IE-0 (ChiShOlm and Henner′ ■988)′ IE一
9Henner, ■988)′ IE―■ (Guarino and Summers, ■987), IE―N
(CarSOn et al.′ ■99■)′ PE-38 (Krappa and Knebel―Morsdorf′
■99■)), PCNA (ETL and ETS)WhiCh accelerate ■ate genes
(CraWfOrd and Mi■■er′ ■988), ubiquitine-1土ke gene (Guarino′
■990), DNA he■icase (Lu and Carstens, ■99■)F superOxide
dismutase (TOmalski et al., ■99■), eCdysteroid UDP―glucosyl
transferase (0′Rei■ly and Miller, ■989), and apoptosis―
preventing protein (Clem et al., ■99■)。  SeVer ■ structura■
and non―structural genes from Orvqia pseudotsucTata NPV
(BliSSard and Rohilmann′■990)and BmNPV (Maeda et al.′
■991a)have alSO been isolated.
unique repeated sequences are characteristic of the
baculoviral genorne (Arif and Doerf■er, ■984, Cochran and
Faulkner, ■983)。  AcNPV has 6 repeated sequences in five
discrete regions (Guarino et al.′ 1986)。  SinCe all
baculoviruses exanined have repeated sequences (see B■iSs rd
and Rohrmann′ ■990)′ these regions are considered to be
essentia■ n the baculoviral genome construct.  The gene
arrangement of baculoviruses is also relatively conserved′
although insertions′ deletions′ and inversions of genes have
been observed (BliSSard and Rohrmann′ ■990).
Inュtial studies on the regulation of gene express■on
examined viral protein synthesis in established cell lines
by SDS pblyacrylanide gel electrophoresis and radio―labeling
of protein synthesis (e・g., Dobos and Cochran′ ■980).
Thirty to forty vira■ polypeptides have been identified and
the■r expression has been shown to be temporally contro■■ed.
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The contro■ of protein synthes■s is r lated direct■y to
transcription ■eve■s. Bacu■ovェrus gene expression has been
characterized by Northern b■ot ana■ysis, cDNA c■oning7
primer extensiOn, cAT (ch■rampheni ol acetyltransferase)
assay′ and s■nuc■ease mapping.
Baculov■rus gene expression ■s c■assified into four
phases: immediate―early′ de■ayed early, ■ate′ and very late
(See BliSSard and Rohrmann, ■99o)。  Im ediate…ear■y genes do
not requェre vェral gene products for the■r express■on′ i.e.′
host factor(s)can activate the gene expression of
immediate―ear■y genes.  Four major immediate―ear■y genes,
IE-0, IE…■′ IE―N′ and PE-38 have been iso■ated and
characterized (see abOve references).  The IE―■ and IE―N
gene products can trans―a tivate de■ayed ear■y genes (carSOn
et a■., ■988)7 hOWeVer′ th  real functions of these genes
inc■uding their target sites are stil■unclear. The TATA
box and a CAGT motif located about 25 bp dOwnstream of the
TATA box are believed to be essentia■ for imm diate―arly
gene expression (B■iSSard and Rohrmann, ■99o)。  MOSt
■dentified immdiate―early g nes possess these sequences。
The polyhedrin (Rohrmann′ ■986)and p■0 (Leisy et al.′ ■986)
genes are expressed at a very ■ate st ge of infection.  The
upstream region of (very)■ate genes contain the cOnsensus
sequence ATAAG.  Transcription of these genes starts from
the second adenine of this cOnsensus sequence.  At a late
stage of infection early gene and host gene express■On are
suppressed.  Furthermore, splicing of host and viral genes
■■
is a■sO b10cked (chiShO■m and Henner, ■988).  Ooi and Mil■er
(■990)have hypothesized that this suppressiOn is caused by
the production of antisense RNA。
I have chosen two baculoviruses, BmNPV (T3 iso■ate)and
S■NPV (OT2 isolate)′ fOr the study of bacu■ovira■
replication in insect ce■ls.  BmNPV is important as an
express■on vector and in the sericultural industr■es.  s■NPV
has potentia■ for use as an effective contrO■■ing agent fOr
a naう。r pest Of vegetable crops in 」apane  since pub■ished
mo■ecu■ar bio10gical studies Of these two viruses are very
■inited′ physical maps′ which are essential for further
exper■ments at the mo■ecu■ar ■eve■7 0f the v■ra■genome′
were initial■y constructed (Section III)。  A DNA fragment
library of the viral genOme, which can be directly used for
gene analysis′ was also cOnstructed.  In section lv′ the
characteristics of the polyhedrin genes Of BmNPV T3′ SlNPV
OT2 and various mutants are repOrted.  To test the
re■atiOnship between nucleotide sequence and phenotypic
characteristics such as the shape of the polyhedra′
recombinant vェruses were constructed.  Four different
polyhedrin genes were isOlated from various mutants and the
entire sequence of these genes was determinede  var■ous
mutants with appropr■ate de■etiOns in the polyhedrin gene Of
BmNPV were examined tO determine the mechanisms of ■)
nuc■ear ■oca■ization of po■yhedrin7 2)crysta■lization Of
po■yhedrin′ and 3)shape and size determination of inclusion
bodies.  In section v′ sequence ana■ys■s Of the BmNPV genome
■2
is reported.  The structure of the repeated sequences of
BmNPV vere characterized after iso■at on and sequencing.  A
sequence of about ■7 kb (■3Z)of the BmNPV genome7 WhiCh
contains four immediate―early gen s was determined, and gene
structure and expression in this region was examined.
■3
III. COnStruction of DNA fragnent libraries and physica■
maps of two nuclear polyhedrosis viruses.
A. Introduction
Recent■y′ over ■00 isolates from four different wild
stocks of NPVs of SゃodOptera litura (the Same Or closely
related species to 旦。 littOraliこ), WhiCh is a maうor
agricultural pest in AfriCa′ As■a, and Mediterranean
regions′ have been p■aque―purified and characterized (Maeda
皇二 皇■・, ■990).  TheSe 旦・ litura NPV (S■)i O■ates were
classified into four distinct groups (SlNPV―A, SlNPV―B′
SlNPV―C, and AcNPV (an AcNPV Variant))by 二里 VitrO host
range and DNA restr■ction endonuclease patterns using EcoRI.
AnOther NPV′the BmNPV T3 isOlate′ ha  been used extensively
for basic molecular biological research (Maeda et al.′
■99■a)and itS applications for foreign gene expression
(Maeda et al., ■985, Maeda′ ■989a), and as a model system
for the construction of recombinant v■ral insect c■des
(Maeda et ale, ■99■b).
Plaque isolation and DNA analysis techniques have
demonstrated the precise genetic relatedness of NPVSo  AcNPV
is the lnost well studied baculovirus at the molecular level
and several AcNPV Variants have been isolated and
characterized (see Blissard and Rohilllann, ■990).
construction of a physical map of the viral genome using
restriction endonucleases ■s essential for further       t
experiments at the molecular level.  Restriction
■4
endonuclease maps have been constructed for severa■ NPVs
including: AcNPV and its variants (Mil■er and Dawes, ■979
Smith and Summers, ■979, Vlak, ■980, Cochran et al., ■982,
Brown et al., ■984), Anticarsia gemmata■is NPV (」ohnsOn and
Maruniak′ ■989), PanOliS flammea NPV (PoSSee and Ke■■y,
■988), MameStra brassicae NPV (Wiegers and V■ak, ■984,
Possee and Kelly, ■988), OrqVia pseudotsucrata NPV (Chen et
al。′ ■988)′ HeliOthis zea SNPV (Kne■l and Summers, ■984)
Spodoptera littoralis NPV (CrOiZier et al., ■989)and
Spodoptera frucriperda NPV (Loh et al., ■98■, Maruniakァ
al.′ ■984).
In this section′ I descr■be the construction of
restriction fragment ■ibrar■es cover■ng the entire genomes
of BmNPV T3 and S■NPV OT2 (AcNPV variant)in p■asmids, and
construction of the■r phys■ca maps for severa■
endonucleases.  In addition′ five areas of EcoRI―rich
repeated sequences were found and ■ocalized in the physical
map (See section V for detai■s).
Bo Mater■a■s and Methods.
Chemicals, media, gene c■oning techniguesP and plasmid
preparations: are described in Figso III―■ to III-3.
Virus: BmNPV.  A plaque purified isolate′ T3′of BmNPV
(Maeda′ ■984)and a p■aque purified iso■at ′ OT2′ of SlNPV
(AcNPV variant) (Maeda et al.7 ■990)Were used.  For
pur■fication of BmNPV v■ra■ particles′ po■yhedra■ inclus■on
bodies propagated in the s■lkworm were used.  Inclusion
■5
A. Ligation: (uSing the Takara Ligation kit)
■.  Take 2-5 u■ of digested p■asmid prefered for ■igation′and add 4-8 times volume of A buffer and ■ times vo■ume obuffer.  Mix by gent■e tapping (dO not VOrtex).
2.  Incubate in a ■6 C water bath for 30 min.
B. Transformation:
3.  Mix the following in a microfuge tubei
5 ul ■igated plasmid (apprOX. 0.■ ug)
40 ul competent ce■ls
4.  Incubate ■o min on ice.
5。  (Invert Once to mix)and incubate 40 sec in a 43.5 C
water bath。
6.  Quickly transfer tube to ice bath (O C)fOr 2 min.
7.  Add 70u■TUM without ampicillin and incubate at 37 C
(air incubator)fOr ■o min. Mix by gentle tapping。
ζter三呈とe]:r:彗dErpきRIeilことb詈とgteS °r Taxi p■ates)uSingat 37 C at ■e st 7 hours.
Fig. IIェ■ー. Ligation and transformation with plagm■d DNA
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■. Add ■ ml of TuM/AMP★ medium into steri■e microfuge tubes
using a steri■e pipet.
2. Pick up a sing■e colony using a sterile toothpicke  Touch
the toothpick tO a replica plate, then insert it into a
microfuge tube.
3. Incubate the microfuge cu■tures at ■e st 7 hours at 37 C
with rocking (■75 rpm).  Incubate the rep■ica plates at 37 C
without rocking。
4. Centrifuge cultures at 4000 rpm for ■ min。
ことqこと員gttx3)Sは塁e王子]:Bttie2]呈E旱軍d(を::mど,mと,°:。1とtf:舌 into eachtube and vortex unti■ the pe■■et is comp■ete■y disO■ved.
6. Boil tubes in a boiling water bath for ■ min.
7. Place each rack into an ice/water bath until cOld (2
minutes).
8. Centrifuge at ■2,000 rpm for ■5 min.
9。 Remove precipitate with sterile toothpicks。
■0。 Add ■00 u■ (200 u■for sequencing)of iSOpropano■.  Mix
we■ by invers■on and shakingデ incubate at -80 C for atleast ■o m■n。
■■. Centrifuge at ■2,000 rpm for ■o mino  Discard
supernatant and dry in vacuum for 30 min or until dry.
★TUM/AMP Medium
Bacto tryptone (Difco)
Bacto yeast extract (Difco)
NaC■
KCl
MqS04・7H2Q
?
?
?
?
?
?
?
?
?
?
?
?
?
?
??
?
?
?
H20~  ~
Autoclave for ■5
temperatureo  Add
★STttT Buffer
Sucrose
Triton x―■oo
O.5M EDTA
to     ■ l
minutes at ■2■ C.  Stock at 5 C or room
Amp■cil■in to 50 mg/1iter.
80  g
50  g
■00 m■
■M Tris―cl っH8              50 ml
H20                    tO    ■ l
Fig。 ェII-2 MinipreparatiOn of p■asm■d DNA
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■. Add 50 ml of TuM/Amp medium into a ■50 ml Ehrenmyer
f■asks and innocu■ate media with a single bacteria■ co ony
using a steri■e toothpick.
2. Incubate (■40-■60 rpm)at ■east 7 hours at 37 C.
3. Transfer cu■ture medium into a 50 ml centrifuge tube and
centrifuge at 3000 rpm for ■O min at 5 C.
4. Discard supernatant by decantation.  Add 3m■of TE (20mM
Tris―cl′ ■ mM EDTA pH 8.0).  COmp■ete■y suspend pe■■et by
vortex■ng。
5。 Add ■ ml of 2 mg/ml ■ysozyme in 25名 sucrose-20mM Tris―C■
(pH 7.5). Mix Wel■ and incubate at room temperature for 5
min。
6. Add 4 ml of ■.5Z SDS, 0.3 N NaOHo  Shake vigorous■y.
Incubate at room temp. for 5 m■n.
7. Add 4 ml of 5M Potassium Acetateo  Shake vigorously.
Centrifuge at 3′000 rpm for ■o min at 5 C.
8. Transfer supernatant into another 50 ml tube.  Add 6 ml
of isopropano■.  Mix well.  Incubate ■5 min  room temp.
9. centrifuge at 3,000 rpm for ■o min at 5 C.  Discard
supernatant by decantation.  Turn upside―dow  on a Kimwipe.
■0. Add 300 ul of RNase (■Oug/ml)in TE (■0:■)′ Suspend
pel■et by vortex■ng and transfer to a m■crofuge tube.
Centrifuge at ■2′000 rpm for 2 min to remove precipitates.
■■. Transfer into a new microfuge tube.  Incubate for 30 min
at 37 C.
■2. Extract with 300 u■ of
Centrifuge ■2,000 rpm for
to a new tube.
■3. Extract once with 300
Centrifuge ■2,000rpm for 3
new tube.
pheno■―chloroform (vortex we■l)。
3 min and transfer aqueous layer
u■ of chloroform (VOrtex wel■).
m■n.  Transfer aqueous ■ yer to a
■4. Transfer aqueous ■ayer into another tube.  Add ■5u1 5M
NaCl′ 750ul EtOH and mix well.  Incubate 30 min at -20 C.
■5。 Centrifuge ■2′000 rpm′ ■O mino  Discard supernatant and
dry under vacuumo  Add 200-300 ul TE (■OmM Tris―cl′■mM EDTA)
and suspend wel■.
Fig. III-3. Large―sca■e preparation p■asmid DNA
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bodies were dissO■ved in alka■ine sO■ution and the re■eas d
vェra■ partic■es were pur■fied by u■tracentrifugation
(Kawarabata and MatsumotO′ ■973)。  S■NPV T2 was purified
from the cu■ture medium Of infected sf ce■ls as e cribed by
Maeda et al。 (■989)。
Endonuclease analysis: vttral DNA was extracted from
vira■ particles after treatment with proteinase K (Merk)in
the presence of ■そ sDS (Maeda′ ■989b).  DNA was c■eaved by
digestiOn with EcoR17 HindIII′ Pstェ「 BamHI′ KpnI′ or smaI
(New England BiOlabs)under conditions recOmmended by the
supp■ier.  The cleaved fragments were separated On O。7老
agarose gels a■ong with ■ambda phage DNA size markers using
a Tris―acetate buffer system (ManiatiS et al.′ ■982)。
Southern b■ot analysttsi Southern b■Ot analysis was
performed by a modificatiOn of the methOd Of Maniatis (■982)
as shOwn ェn Figo III-4.  De■on■zed formam■de was prepared by
adding 50-■Oo g of iOn exchange resin (BiORad AG 50■―X8)per
■iter Of fOrmamide and shaking gent■y fOr at least ■ hOur.
Sa■mon sperm DNA (Type―III sodiun sa■t, igma)was diSsolved
in disti■■ed water tO a cOncentration of 2 mg/m■, Stirred
fOr 2 to 4 hours at room temperature′ sheared by severa■
passages thrOugh an ■8 gauge eed■e, and boi■ed fOr o
minutes.  The DNA was stOred at -20 C in small a■iquots
unti■ used。
■. BmNPV.
Co  Results and Discussion.
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■. After electrophores■s, carefully transfer gel into a
g■ass baking dish。
急と :;:attu馬:cihttn:Nと。:yM 黒且むinと。と
h三
5gttin ttt !:廿孫with cOnstant shakingo  Rep■ce with ■.5 M NaC■NaOH and soak for an additional ■5 min.
ユ
・
M ニユ:き皇とiZttptth:.:,・a 晋 三!]缶
i辞
:cinf」こ
r三
5 1こ1 まと
°
r苫:iumes oftemperature with constant shakingo  Rep■ace with ■ M Tris―c■and ■.5M NaCl and shake fOr an additiona■ ■5 min。
4. Transfer DNA to a nitrocellulose filter us■ng ■ox ssc.
5。 Wash the filter with 5x SSC★at room temperature.
6. Place filter onto whatman 3MM paper and a■10w tO dry.
7. Wrap fi■ter in 3MM paper and bake for ■ hre at 80 C under
vacuum。
:::1こ:と ::::抵in盈:専r:::i54ilii: :と
とi;:ridi3atr:Iigと互ことi R★′After prehybridizatiOn add
■O u■ of denatured probe and incubate 6 to 24 hours at 42 C.
9。 Wash twice with 2x SSCァ 0.■そ sDS (20 min per wash):
■0。 Wash twice with o.■x ssc7 0・■そ SDS (20 min per wash):
■■. Air dry filter′and expose tO x―ray film at  -80 Ce
★20x SSC
ざ]:lum citrate    ::二  :
two vo■umes
emperature
nd O.5 M
H20 to   ■o  l
★Prehybr■dization so■utiOn
::i°:き岳員grSE手習a轡:呈itと:l筆)
■0そ SDS (0.5そ)
2 mg/m■ SalmOn sperm DNA
20x SSC (5x)
dd H20
★50X Denhardt′s solution
Fico■l
pO■yviny■pyrrolidOne
(5x)
(0。■ g/ml)
50 m■
■O ml
5 ml
5 ml
25 ml
5 ml
?
?
?
?
dd H20
Fig. III-4. Southern Transfer
l  l
and Hybridization
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Figo III…5, shows BInNPV DNA digested with the indicated
enzymeso  No submo■ar bands, sometimes found in the
preparation of Other NPVs (Mi■■er and Mi■ler, ■982), were
seen.  MO■ecu■ar veights Of the fragments were estimated as
shown in Tab■e ttII―■ by cOmpar■son to the migratiOn of the
s■ze markers.  MO■ecu■ar weights Of some of the ■arger
fragments were estimated by summing the sizes of the smaller
fragments of which it was cOmposed as descr■bed ■ater.  The
molecular weight of the entire BmNPV genome was estimated to
be about ■30 kbp by summing the weights of the fragments
generated by the restr■ctiOn ndonuc■eases.  This estimated
size is quite sinilar with that of AcNPV (Lee and Mi■ler′
■978)。
DNA fragments digested with EcoRI′ HindIII′ KpnI′ PstI′
or BamHI were c■Oned into pBR322′ uc9′ or puc■9.  Two ■arge
fragments of EcoRI′ EcoRI A and B′ vere first c■oned into
Charon 4A (ManiatiS, ■982)′ digeSted with restrictiOn
endonuc■eases, HindIII and/Or BamHI′ and then subc■oned into
puc p■asmttds.  MOst of the cloned DNA was authenticated by
comigration in agarose gels with digested vira■ DNA.  A■■
EcoRI fragments ■arger than 500 bp were successful■y c10ned
■nto p■asm■ds.  These EcoRI c■ones and additional c■Ones of
the 22 DNA fragments listed in Table III―■ cOmpletely
over■apped the entire viral genome withOut breaks at any
restrictiOn site.
Hybr■dization analys■s was employed tO construct
physica■ maps Of the BmNPV genome.  vira■DNA was first
2■
?
?
?
?
?
?
?
?
? ?
〓 ‐?
?
? ?「
? ?
? 。
?
一 Mィ N
〕 8
二 R
KpnI SmalLambda/Hindl‖
蜀 G
I＼J~~K
――DE
A
BC
G
製 I
輝 K
?
?
?
?
?
?
?
?
?
?
?
?
??? _A
一 B
― C
-22
--9.4
-66
-4.3
-23-20
一 D
S
056
Figo III-5.  Cleavage patterns of BmNPV DNA by the
restriction endonucleases EcoRI′ HindIII′ Pst工′ BamHI′ KpnI′
or SmaI.  Vira■DNA cleaved with these restriction
endonuc■eases were separated on a o。7 そ agarose gel.  Lane
marked Lambda/HindIII Shows molecular weight markers in kbp.
PstlEcoRI
〓??
?
．
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Tab■e rII―■. sizes (kbp)。f BnNPV reStriction fragnents
FragnentEcoRIHindIIIPstIBanHIXpnェ SnaI
A
B
C
D
E
F
G
H
I
」
K
L
M
N
O
p
Q
R
S
20。4'   30.0
20.■・    ■7.0
■4.5'   ■5.5'
ユ3.9・   ■0。O
■0.54   8.9
8.7・   7.8
7.5'    7.8
6.6・    5.8・
5。2・    5.ユ・
5。2・   4.8
3.9・    3.8・
2.4・    3.■士
■.3・    3.0
■.2・    2.2
■.0・    ■.7
0.9・    ■.5
0.3・    ■.0・
0。5'    0。7
54      52
36     48
22      28
7.3・    1.8・
6.0'
3.9・
ユ7.5'
■7.5・
■7.0
12.5・
iO.8・
7.2
7,2・
5.5・
5.4'
5.4
4.9・
4.6
2.8・
2.3士
2.3
■.9士
■.5・
■.5
■.3
?
?
?
?
?
?
?
?
?
?
?
?
士 cloned into plasmid
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digested with the same restr■ctiOn endonucea es used fOr
cloning and electrOphOresed On agarOse gels.  The separated
DNA fragments were sOuthern―t an ferr d onto a
nitrOce■■u■ose fi■ter, fixed at 80 C, pre―hybr■dizedァ then
hybr■dized with c■oned p■asm■d DNA probes ■abe■d with
[32P]_dcTP (Maniatis′ ■982).  HybridizatiOns were carried
Out in 50そ formamide at 42 C for 6-■6 hours and the filters
were washed with o.■x ssc at room temperature.  Analysis Of
the hybridizatiOn data shOwed that most Of the sequences of
the BmNPV genome were unique (see sectiOn v).
By comparing the over■app d areas of DNA for each
restrictiOn fragment a pre■iminary physica■ map was
constructed.  TO Obta■n high■y deled maps′ the ■arger
C■Oned DNA fragments were digested with twO Or more
restrictiOn enzymes and physical maps of these fragments
were cOnstructed.  TO cOnfirm the location of these smal■er
fragmentsr they were compared with the initia■ly c■oned
fragments or wェth Original v■r DNA by electrophOres■s ■n
agarose ge■s.  By combin■ng the variOus data obta■ne  abOve′
deta■led physical maps were cOnstructed fOr s■x restr■ction
endonucleases (Fig. III-6).  The zerO―point of the physical
map was established as one end of the EcORI E fragment
following the proposa■ Of vlak and smith (■982).  The zerO―
point was chOsen here because the po■yhedrin gene (indiCated
by the arrowhead in Fig. III-6)has been mapped in this
fragment (Maeda et al.′ ■985).
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From the hybr■dization exper■m nts, five regions
conta■ning hOmologous■y repeated sequences rich in EcoRI
sites were found in the genome.  TO cOnfirm the ex■stence of
the repeated sequences, c10ned or subc■Oned p■asmi s (
HindIII H′ PstI K′HindIII―PstI (67.7-75.3 map unit)Of PStI
B′ Kpntt D′ and PstI―HindIII (96.■-99.6 map unit)Of
HindIII)′ were digested with EcoRI and analyzed
electrophoretica■■y.  As expected′ sev ral EcoRI fragments
with mo■ecular weights less than 400 bp were identified On
an ■.5Z agarose gel.  These areas conta■n■ng sev ral sma■ler
EcoRI fragments seelRed tO be the sO―called repeated
sequences found in AcNPV (Er■andsOn et al.′ ■984デ Guarino et
a■.ァ ■986)and other bacu■oviruses (Kuzio and Fau■kner′
■984, Arif and Doerf■er′ ■984).  Three repeated sequences
cou■d not be mapped exactly′ however the■r 10cations were at
either end or On bOth ends of the small EcoRI N′ P′ or R
fragments′ hese areas were mapped and are ■ndicated by the
barS in Fig. III-6.  A■l five repeated sequences Of the
BmNPV genOme were located at similar positiOns as the
repeated sequences mapped in the AcNPV genOme (summers and
Smith′ ■987).  Furthermore′ the positions of 7 (3.4′ 28.■′
38.9, 64.4 (KpnI)′64.4 (SmaI)′ 77.5′ and 80.6 map units)Of
■4 restrictiOn endonuc■ease sites for BamHI′ KpnI′ and smaI
were ■ocated very c10se■to the analogous s■tes mapped in
the AcNPV genomee  This ■s cOns■stent with data shOwing
arOund 80そDNA homology Of the polyhedrin gene areas between
BmNPV and AcNPV (Maeda et al.′ ■985デ エatrou et al.′ ■985).
26
DNA hybridizatiOn ana■ysis lso indicated that the BmNPV
genome was more than 50Z homologous to the AcNPV genome by
ca■culation from the ■ntens■ty Of fi■m exposed to hybr■dized
Viral DNAse
lt has been reported that the genome organ■zation of
NPVs is re■atively cOnserved even between viral DNAs with
low DNA homology (Leisy et al.′ ■984).  From our analysis
AcNPV and BmNPV seem to be c■Ose■y re■ated viruses in terms
of sequence homo■ogy.  This ■s ■nteresting because of the
significant differences in the phenotypical and biOlogical
characteristics of the two vェruses′ such as hOst range.  we
are now analyzing the viral genOme based on the physical map
we constructed.  The phys■cal ma  and gene library w■1  e
usefu■ fOr further genetic studies of BmNPV.
2. S■NPV.
S■NPV OT2 was originally iso■ated from a stock Of s■NPV
co■ected in ogasawara′ 」apan nd characterェzed as an AcNPV
variant (Maeda et al.′ ■99oF Kondo and Maeda′ ■99■).
Isolates of the AcNPV group were Obtained only from plaque
assays on TN-368 ce■■s and only from one of fOur s■NPV
stocks obta■ned from var■ous regions ■n 」apan′ indicating
that this grOup is a minor part Of s■NPV in 」a n.  The
productiOn rate of polyhedra per ce■ var■ed depending on
the AcNPV iso■ate.  A multip■e polyhedra (MP)type iSO■a e′
OT2, was se■ect d fOr the fo1lowing experiments.
27
Restriction enzyme analysis is the most sensitive
method for character■zing c■os ■y re■ated vェruses.  To
determine the genetic relatedness of S■NPV OT2 and AcNPV L■′
purified oT2 and AcNPV L■ DNAs (Mil■er and Daves, ■979)were
digested with seven different restriction endonuc■eases
EcoRIP HindIII, PstI′ BamHI′ KpnIP Xho工′ and SmaI′
e■ectrophoresed in a O。7名 agarose gel and stained with
ethidium bromide.  As shown in Fig. III-7′ the restriction
patterns of c■eaved OT2 DNA were simi■ar to those of AcNPV
L■.  Four Out of 20 EcoRI digested oT2 fragments migrated
different■y compared to the EcoRI digested AcNPV fragments.
Four out of 25 HindIII fragnents of OT2′ one Ou  of ■5 PstI
fragments′ 3 out of ■4 Xhol fragments′ 4 out of 8 BamHI
fragments, O out of 4 Kつnl fragments, and ■ out of 4 SmaI
fragments, migrated different■y from the corresponding
digested AcNPV fragments.  In tota■ about 8■Z of the OT2
fragments were ■ndistingu■shab■e from those of AcNPV L■ァ
indicating that oT2 is genetica■■y c■ose to AcNPVe  The size
of each OT2 fragment was calculated by comparison with
lambda DNA c■eaved with HindIII (Table III-2).  The SiZes of
■arger fragments (> 20 kb)were ca■cu■ated by summing the
s■zes of sma■■er fragments of which they were composed.  The
estimated genome size of oT2 waS about ■30 kb′ which is
similar to that of AcNPV (Lee and Miller′■978)。
To further analyze the genome structurer a DNA fragment
■ibrary of oT2 was constructed in pUC■9 plasm■ds using seven
different restr■ction endonucleases EcoRI′ HindIII′ Pst P
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Table III-2. Sizes (kbp)。f SlNPV OT2 restriction fragments
FragmentEcoRIHindIIIPstIBanHIXPnIXhoIXbaエ
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
p
Q
R
S
T
U
V
W
X
Y
■6.2・   20。3
■3.0・   20.0
■2.9・   io.5'
■0.6    iO.5・
9。7・    10.4・
9.5'    3,5・
8.8・    8.2・
3.O・    5.5
7.4・    5.0士
6.7・    4.8
5.4・    2.8古
3.9・    2.3
3.7・    2.2・
2.5・    2.2
2.3'    2.■・
2.0・    2.■
■,9     2.05
■.5・    ■.8☆
ユ.5    ■.6
■.3    ■.■
1.0    ■.o
O.9
0.8
0,73
0.7
24.5
20.5
■8.0・
■■.0'
■0.2・
9,3・
7.5'
5.5'
5,5
5.5士
3.2・
2.9'
2.7・
2.6
.6士
49
30.5
23.4
■0.5
6.3'
3.2・
2.9・
■.0'
■8.0
■6.0
■5.5'
■2.9☆
■l.5
■■,5
■098・
■0.3士
8.7・
7.9士
3.6士
■,7・
■.6・
47.8   25
43.6   23.3
29。9   ■4.4
5.3・   ■4.4
■.9・   ■0,4
7.4
7.3
6.2'
5。7・
4.■
3.0'
2.25・
2.■5
1.2・
・  cloned into plasnid
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BanHI, xbaI′ xhOIP and KpnI.  Plasm■ds in the ■ibrary were
extracted by the heat denaturatiOn procedure (Maniatis et
皇■., ■982), digested with the restriction endOnuc■eases used
for c10ning, and e■ectrophOresed in a o.7名 agarose ge■ with
digested v■ra■ DNA in order to cOnfirm the ex■stence of an
insert derived frOm viral DNA.  Tota■ly 57 differen  DNA
fragments were successfu■ly c10ned into the plasmids (Table
III-2)。
Southern b■Ot hybr■dizatiOn was perfOrmed tO cOnstruct
physical map Of the OT2 genome using labeled fragments from
the ■ibrary as probes.  MOst probes hybridized specifica■ly
to a sing■e fragment Or a limited number of fragments On the
nitrOce■■u■ose fi■ter.  HOwever, the ■abe■ed HindIII Q
fragment hybridized tO severalfragments, indicating the
existence of EcoRI―rich repeated sequences (see sectiOn lv).
To confirm the presence Of repeated sequences′ the
correspOnding HindIII fragments frOm the DNA fragment
library were digested with EcoRI and analyzed by cOmigratiOn
with nOn―EcoRI digested fragments.  HindIII A′ B′ F, L, and
Q fragments generated severalfragments smal■er than 300 bp′
indicating the existence of repeated sequences (data nOt
Shown).  HindIII fragments G′ M″ N′ O′ and P did nOt
generate smal■EcoRI fragnentsr indicating the ■ack Of
repeated sequences cOnta■ning EcoRI.  Rough phys■cal ma s
Were initially constructed by analysis Of this pre■iminary
datao  MOre deta■l d physica■ maps were cOnstructed by
二urther hybridizatiOn ana■ysis using plasmids in the
3■
fragment library which were double digested with restrictiOn
endonuc■easese  The deta■l d physical maps Of the oT2 genome
fOr EcoRI, HindIII, PstI′ BamHI′ xhO17 KpnIP and smal are
shown in Figo III-8.  The map units of oT2 were adjusted tO
that of HR3 as reported by cOchran et al。 (■982)for eaS  Of
comparison, ioe.′ the two ■nsertions and One deletion found
only in the oT2 genome were nOt incorporated into the map′
but rather shOwn separate■y at the op of the figure.
When the restrictiOn patterns of oT2 and L■ (or HR3)
(COChran et al., ■982デ AcNPV L■ and HR3 are near■y id ntical
except fOr the ex■s enc  of an additiona■Hindlttl se■n
the HindIII B (20.O kb)fragment Of L■)were COmpared for
the HindIIIP BamHI′ stI′ EcoRI′ XhoI′ and Kpnl physica■
maps, the c■eavage patterns of BamHI showed the greatest
disparity, 4 out of 8 BamHI digested oT2 fragments were
different from thOse of AcNPV L■.  This difference was
caused by One deletion and twO additions Of BamH11 ■tes ■n
AcNPV L■.  De■tion of a BamHI site of L■ between BamHI c
(8.5 kb)and BamHI F (■.92 kb)at the 4.8 map units
generated BamHI D (■■.5 kb)of OT2.  Insertion Of twO BamHI
sites at 35.O and 70.8 map units in the BamHI A (86.5 kb)
fragment of L■generated the three fragmentsァ BamHI A (49。4
kb)′ BamHI B (30.8 kb)′ and BamHI E (6.3 kb) in OT2.  The
Pstl patterns shOwed twO detectab■ differ nces.  PstI A
(24.5 kb)of OT2 contained a o.5 kb deletiOn causing it tO
be slightly smaller than PstI A (25.O kb in our estimation,
25。7 kb by cOchran et al。 (■982) (thiS Value for L■ will be
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used hereafter))Of L■.  Psttt 」 (5.5 kb)of OT2 contained a
■.6 kb insertiOn cOmpared tO Psttt 」 (3.45 kb)of L■.  This
insertion was alsO cOnfirmed by the s■ze difference of EcoRI
A (■4.2 kb)of L■ and EcoRI A (■6.2 kb)of OT2.  The EcoRI
digestiOn patterns shOwed three detectab■e iffer nc s.  one
EcoRI site was de■eted b tween EcoRI F (8.8 kb)and EcoRI V
(0.94 kb)of L■ resulting in the 9。7 kb EcoRI E fragment of
OT2.  A O.■ kb de■etiOn in EcQRI H (8。7 kb)of L■ resu■ted
in the 8.O kb EcoRI H fragment Of oT2.  A O.■ kb insertiOn
in EcoRI L (3.8 kb)of L■ resulted in the 3.9 kb EcoRI L
fragment of oT2.  The Xbal digestion patterns shOwed no
detectab■e differencee  The addition of a xhOI site in xhOI
A (29.2 kb)of L■ resulted in the 25 kb Xhott A and 4.5 kb
XhoI 」 fragments of oT2.  The smal digestions patterns
produced minor detectab■e ifferences.  smal c Of oT2 was
slight■y smaller than that of L■ as a result of a deletion
in the EcoRI C fragment (52,9-59。7 map pOsitiOn)of L■ as
descr■bed ear■ier.  No detectab■e differences in the KpnI
digestiOns patterns were Observed between oT2 and L■
.
AcNPV var■ants have been repOrted from var■ous
■epidopteran insects inc■uding: TrichOp■usia n(Mi1ler and
Dawes, ■978, Smith and summers, ■979)′ Ga■l ia mel■onel■a
(Smith and summers, ■979)′ Rachiplusia ou (summers et al.′
■980), and SpodOptera exiqua (BrOWn et al.′ ■984)。 TheSe
AcNPV variants shOwed similar restrictiOn patternse  of
these var■ants′ GmNPV′ showed the greatest difference ■n its
restr■ctiOn patterns compared tO the other AcNPV var■an s
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inc■uding Trichoplusia n■ NPV (T NPV).  The BamHtt digestion
patterns showed the most differences between GmNPV and the
other AcNPV variants.  The BamHI pattern of OT2 seemed to be
completely identical to that of GmNPV (SInith and Summers′
■979)。  Furthermore′ the EcoRI pattern of OT2 was identical
to that of GmNPV′and slight■y different from five AcNPV
isolates and TnNPV (Smith and Summers′ ■979). Only OT2 and
CmNPV pOssessed the ■arger (■6.2 kb)EcoRI A fragment and
the sma■ler (8.O kb)EcoRI H fragment.  When the XhoI
digestion patterns were compared′ on■y oT2 and CmNPV
contained 25 kb (XhOI A)and 4.3 kb (XhOI 」)fragmentsァ
while a■■ of the other iso■ates possessed a 29.2 kb XhOI A
fragment presumably corresponding to the XhoI A and 」
fragments of OT2 and GmNPV.  OT2 and CmNPV a■So had smal■er
■0.5 kb HindIII C fragments′ while AcNPV E2 (Fraser et al.′
■983)and L■ have ■■.■ kb HindIII C fragments.  These
resu■ts indicated that OT2 is genetica■■y c■oser to CmNPV
than to AcNPV.
The GmNPV EcoRI A fragment seemed to conta■n th  ■.6 kb
insertion found at ■9 map units in oT2, Since it was larger
than the corresponding EcoRI A fragments of the other AcNPV
variants.  To further analyze this area′ the Ps I 」 fragment
of OT2 in the constructed ■ibrary was compared to the PstI 」
fragment of L■C■Oned into pTz■8R.  Since additional HindIII
and Xhol sites were speculated in oT2 frOm previous
restriction enzyme ana■ysisァ these two fragments were first
digested with HindIII and/or XhOI・ As shoWn in Fig. II-9,
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an additiona■ three Xhol and one HindIII fragments were
observed in oT2.  Two fragments from oT2 and L■ generated by
HindIII and xhol doub■e digestion migrated to identica■
positions (0。7 kb and o.5 kb)on an agarose ge■ (Fig. III―
9)′ indiCating that bOth ends of the PstI 」 fragment covered
by these fragments were presumably identical (Fig, III-9)。
EcoRI digestion revea■ed different patterns between L■ and
OT2.  EcoRI cleavage of the L■ fragment generated 7
fragments (4 discrete bands in a 3そ ge■ presumably due to
repeated sequences)as previous■y reported (COChran and
Fau■kner′ ■983デ Guarino et aler ■986).  A■though the oT2
fragment generated many EcoRI fragments 70-80 bp in ■ength′
fragments longer than ■oo bp were not detectedo  Deta■■ed
physica■ map analysis showed approximate■y 20-25 of hese
70-80 bp fragments. The pOsitions of the four Xhol sites,
two HindIII s■tes′ and PstI 」 fragment are shown ■n Fig。
III-9。  Repeated sequences conta■■ng E RI s■tes extended
through the second Xhol site as indicated in Fig. III-9。
Several reports on the ■nsertion of DNA fragltnents into
the baculovirus genome have been published.  Hot spot(s)for
DNA insertion have been found in the AcNPV genome between
8.4 and 9.6 map units (Kumar and Miller′ 1987)′ 35.5-37,7
map units (Fraser et a■。′ ■983, Beams and Summers′ ■988デ
■989)ァ and 80-86 map units (Mil■er and er′ ■982).  It
has also been reported that insertions which originated from
the chromosomal DNA of the cell line used were often
observed dur■ng ser■al passages ■n ce■l culture ■n these
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areas.  Howeverr the insertion found at the ■9 map unit
pos■tion seemed not to be related to this type of insertion′
since ■)the insertion site was different from other
previously reported sties and 2)the physical mapping
pattern of the inserted area (Fig. III-9)waS unique。
Homo■gy between OT2 and AcNPV was examined by
compar■ng the nuc■eotide sequences of the■r po■yhedr■n
genes.  The po■yhedrin gene of AcNPV has already been
pub■ished (Iddekinge et al.′ 1983)。 The nuc■eotide sequence
of the S■NPV OT2 pO■yhedrttn gene was determined by dideoxy
sequencing (see seCtiOn IV).  The nucleotide sequences of
the polyhedrin gene was comp■etely identica■ to that
reported for the AcNPV L■′ E2′ and HR3 iso■ate ′ indicating
that OT2 is closely re■ated to previous■y characterized
AcNPV isolates such as L■ and E2.  Completely identical
sequence homology of the po■hedr■n g nes was not expected
from the restriction endonuclease patterns showing an
average genomic difference of 19猪.  The perfectly conserved
nucleotide sequence in the polyhedrin gene region may be
exp■ained by ■)the importance of the two genes for viral
growth or replication′ 2)specifiC insertions or deletions
in other regionァ and/Or 3)the eXiStence of sequences
(geneS)essentia■ for replication in Ga■■eria mellonera
other than the po■yhedr■n gene.
Restriction enzyme analysis showed that the oT2 iso■at
was very c■Osely related to cmNPV, which is character■zed as
a variant of AcNPV (Smith and summers, 1979)。  AcNPV
38
variants have also been isolated from NPV stocks from
several lepidopteran insects by p■aque pur■fi ation′
however′ they have not been iso■ated in 」apan until our
finding.  This is probab■y due to the fact that the original
hosts of AcNPV such as TricopluSia ni and Heliothis
vェrescens do not ex■st or st only as minor spec■es in
」apan, while c. mel10nella is commonly found in Japanc  oT2
was found as a very minor portion (leSS than ■猪)of the
population in only one of the four S■NPV stocks (Maeda et
a■。, ■990)eXarnined.  These observations suggest that OT2 is
a virus which originated in ⊆. mellonella.  The specific DNA
pattern of GmNPV may be related to the specificity of this
virus to ⊆. rnellonella, i.e.′ specific sequences (genes)may
prov■de advantages to this v■rus.
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IVe C■on■ng, sequence ana■ys■s, and express■on of p。■yhedrin
genes and the■r crysta■ization and nuc■ear ■oca■ization
mechan■sms
Ac lntroduction
Bacu■oviruses produce many (presumably ■00-■50)
structural and nonstructural polypeptides.  The unique
character■stic of produc■ng two different types of progeny
is considered to be contro■led by mechanisms unique to
bacu■oviruses.  During an ear■y stage of infection a■l viral
components are transported to the cel■ surface froln the
cytop■asm (fOr gp64)and nuC■eus (for nucleocapsid
conta■ning genom■c DNA′ bas■c DNA binding prote■n′ and
capsid protein)where vira■ partic■es are assemb■edo  At a
late stage of infection′ many structural polypeptides
inc■uding polyhedrinァ bas c―DNA binding protein′ capsid
prote■n′ and pO■yhedral enve■ope prote■n, as we■■ as many
nonstructura■ proteins (see Section III, B■issard and
Rohrmann, ■99o)are transported into the nuc■eus where the
v■ra■ enve■ope and po■yhedra■ envelope are constructed.  In
genera■′ po■ypeptides produced in eukaryotic ce■ls are
transported to target organs,  These proteins have been
shown to have or are cons■dered t  have spec■fic signa■
sequences (e・g.ァ specific amino acid sequences)for
transportation (See review of Garoff′ 1985).  Bacu■OVira
po■ypeptides which are transported into the nuc■eus are also
expected to have spec■fic equences for transportation and
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mechanisms simi■ar to ones genera■ly found in other
eukaryotic cells.  The nuclear membrane has pores which are
considered wide enough to a■low po■ypep ides up to 40 kDa to
paSS (See review of si■ver′ ■99■).  There are two major
hypotheses for the trans■ocation of prote■ns in o the
nuc■eus.  one is the diffusion and trap theoryr and the
other ■s an energy dependant theory.  In both cases, a
recognition signa■ composed of specific amino acid sequences
for nuc■ear localization seems to be ■mportan .  There are
many examp■es of signa■ sequences used for nuc■ar
■ocalization.  A typica■ sequence which was origina■■y found
in the sv40 T antigen consists of five basic amino acids
surrounded by hydrophobic amino acids (Garrofァ■985)。  In
the BmNPV p01yhedrin gene′ a sequenc  of five basic amino
acids surrounded alanine and ■euci e is found 3■-35 amino
acids from the N―terminus (Maeda et al.′ ■985).
Since po■yhedra are v■s■b■e under ■ight m■croscopy′
many mutants show■ng unique po■yhedra■ shape and numbers′
have been isolated.  There are several mutants of CPv having
■nteresting polyhedral character■stics.  cPv p oduces
po■yhedra in the cytop■asm of midgut cel■s′ however′ mutants
which form polyhedra in the nuc■eus, and mutants with
cuboidal′ or fibrous polyhedra have been isolated (Hukuhara
and YamaOuChi′ ■973).  Polyhedra which ■oca■ize in the
nuc■eus are found to have four additiona■ am■no c■ds at the
C―term■nus caused by a s■ng■e po■nt mutation of the stop
codon of the po■y drin gene (MOri et a■.′ ■989).  TheSe
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mutations are specu■ated to be ■nvo■ved in the mutated
polyhedra■ character■sticsァ however′ this can not be proven
due to the ■ack of an in v■trQ system for CPV rep■icatione
An in v■tro system ■s necessary so that mutated v■ruses w■h
■nsertions and de■etions in the polyhedrin gene can be
■so■ated.
In vitro systems are ava■lab■e for NPVs to directly
study spec■fic genes by insertion and deletion.  carstens et
a■。 (■987)showed that a sing■e point mutation causing a
s■ngle am■no ac■d substitution ■s respons■b■e for the
cubo■da■ shape of a lnutant AcNPV po■yhedra.  The bacu■v■rus
express■on vector system was used to ■ntroduce this mutation
into the wild―type vira■ genome and confirm that the amino
acid substitution is so■ely nvolved in the po■yhedral
structure.
To study the character■stics of po■yhedra′ polyhedr■n
genes of four mutant v■ruses of BmNPV and SlNPV were c■oned
and sequenced.  The nucleotide and deduced amino ac■d
sequences′ phenotypic characteristics, and evolutionary
re■ationships of the polyhedrin genes were exalnined.  Gene
express■on of the po■yhedr■n gene ■n perm■ssve and
nonpermissive ce■ls was ana■yzed.  New transfer vectors with
high expression characteristics were also constructed.  To
study the shape and nuc■ar ■oca■ization of po■yhedrn′
recombinant viruses with various deletions in the po■yhedrin
gene were generated and isolated us■g direc  e■etions ■n
the po■yhedrin gene Of BmNPV and the baculovirus expression
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vector systemo  Amino acid sequences important for the
nuc■ear ■oca■ization of po■yhedr■n were ■d ntified.  The
re■ationship between aIR■nO aC■d sequence and shape of the
polyhedra was also exam■ned.
B. MATERIALS AND METHODS
DNA sequencincT: sequencing was performed mostly using
double stranded p■asmid DNA prepared on a mini―sca■e (Fig.
III-2).  The prOcedures employed are shown in Fig. Iv-1
(denaturation and annealing of DNA)′ Figo lv-2 (sequencing
reaction)′ and in Figo lv-3 (pO■yaCrylamide ge■
preparation)。
Northern b■ot ana■vss: Theprocedure emp■oy d for
preparation of mRNA are shown in Fig. Iv-4.  Northern blot
analys■s was performed as shown in Fig. Iv-5。  Probes used
for hybr■dization were ■abe■ed by random pr■m■ng as shown ■n
Fig. Iv-6.
Fractionation of cell nucleus and cytoplasm: BmN cells
were infected with BmNPV mutants at a moi of 5 and incubated
for about 3 days at 27 C.  BmN ce■ls (about ■07 cel■s)were
washed twice′ by centrifugation (4000 rpmァ 5 min)′ and
resuspension in PBs (pH 7.0′ 0.■4 M NaC■).  After washing′
the cell pe■et was suspended gently in ■■o ul of ■を No idet
P-40, 30 mM Tris―C■′ pH 7.5′ ■O mM Mgc12 and incubated at
room temperature for one m■n.  Nuc■e■ were precipitated by
centrifugation (4000 rpm′ 5 min)and Washed with PBs.
Polypeptides in the supernatant (cytOplasm)were
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A. Denaturing:
■. Denaturing mix′ mix the fol■owing fOr onё samp■e (■ ug
DNA in 8 ul H20):
dd H20         7 u■
Primer         ■ u■
5N NaOH        2 u■
2. Add ■O u■ of denaturing mix per microfuge tube,
3. Transfer 8 u■ of DNA so■ution (frOm mini prep)into
m■crofuge tube conta■ning denatur■ng soution.  vortex tO
m■x.
4. Denature by heating for 7 minutes at 85 C.
5. Precipitate by adding ■o ul of 5M Ammonium Acetate (3.85
g/■O m■)and ■00 ul of ■ oZ EtOH (…20 C).
6. C■ose ■ids and vortex.
8. Incubate for ■O min. at -80 C (-20 C for 60 min) (Samp■es
can be stocked at -30 C).
9. Centrifuge ■2′000 rpm′ ■o min.  Remove supernatant.
■0. Wash with 200 u■ of 70そ EtOH.
■■, Centrifuge ■2,000 rpm′ 3 min.  Remove supernatant.
■2. Dry in vacuum.  (tubeS Can be stocked at room
temperature).
Bo Annea■ing:
■. Add ■O u■ of ■x annealing buffer to each.
2. InCubate at 37 C for 20 minutes.
3. Keep at room temperature for ■o min t s′ (dO nOt a■■Ow tOcool under room temperature)
Fig. Iv…■. Denaturing and annea■i g of p■asmd DNA for
sequencing
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ユ. Add ■.3 ul each of A′ C′ G′ and T solutions to a 96-well
p■ate.
2. Mix the fol■owing うust priOr to use (on ice)and VOrtex
gent■y:
:g:―dATP           ::: 檻l
Labeling mix      ■6.O ul
Sequanase 2.0      2.5 ul
3. Add 2.2 ul of the above mix into the annealed DNA
so■utions and mix at room temperature。 (add every ■5 secondsfOr 20 samples).
4. Preheat the 96 we■■ p■ate on a heat block at 37 C
5. Transfer 2.5 ul from each labeling reaction (micrOfuge
tPbe from step 3)into each Of the four we■ls containing A′
C′ Gァ and T solutions in the 96-well plate.
6。 Add 3.6 ul of stop sOlution to each wel■.
7. Sea■ the p■ate with self adhesive plastic plate sealers.
(Samples can be stored at -20 Ce)
8。 Incubate at 80 Cr 2 min (air incubator)befOre ■Oading
onto the ge■.
9. Load ■.■ u■ of each samp■e onto a 5そcrylanide ge■.
■0, Run gels at 2400 V′ 60 W for 6 and ■2 hours.
■■. Disassemble and wash gel tw■ce with ac■dified―nethano■
so■ution (250 ml per wash for lo minutes):
ga■c■al acetic ac■d      50 m■
methano■                 60 ml
H20 to 500 m■
Fig.Iv…2. Sequencing of P■asm■d DNA us■ng sequanase
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■.  5考 acry■amide ge■stock solution for sequencing gel.
Mix the fo■■owing (stir Vigorously)and stOCk at 5 C for
■ess than a few months:
Tota■
Acry■amide          48.3 g
Bis―acrylamide      ■.68 g
I舌星aTBE★             ti: 軍■
2.  ConStruct the necessary number of gel plates and set up.
3.  Transfer the necessary alnount of 5考 acrylarnide ge■ stock
solution into a flask and degas for ■o min on ice.  Add
TEMED and ■O そ ammonium persu■fate as indicated be■ow.  Mix
complete■yr but carefu■■y not tO introduce bubb■es into the
so■utione  so■ution wi■■ not po■ymerize for about 45 mine if
kept on ■ce.
5Z stock                      ■■o ml
TEMED                          63 ul
■0を ammonium―persu■fate       630 ul
4. Cast ge■s.
5. Insert combs.  ce■ wi■■ po■ymerize in 30-60 min。
★
■O x TBE buffer
Tris             ■o9 g
EDTA-4Na         8.3 g
Boric acid      53.4 q
H20            tO ■ ■
Figolv-3。 Sequencing Ge■
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■. At the appropr■ate time after ■nfection′ discard theculture medium and wash attached ce■ls gen ■y once w■th ice―
co■d ■x PBS (5-■O m1/■50 mm dish).  cOmp■etely scrape―off
cel■s with a rubber policeman′ add fr sh ice―cold ■x PBS′
and transfer PBS and cells into a 50ml centrifuge tube.
Centrifuge at 500 rpm for 5 minutes and discard supernatant.
If necessary wash and centr■fuge aga■n.
2. Add ExtraCtion Buffer′ (200mM NaC■′ 200mM Tris Hc■′ ■.5mM
MgC12′ 2そ SDS) intO the centrifuge tube (4 m■/■50 mm dish)
and mix vel■to diso■ve ce■■s comp■ete■y。  (The sO■ution
should become viscous due to the extracted genomic DNA.) To
extract mRNA from fat body of 5th instar ■arvae′ add 5-■O ml
of Extraction Buffer ■nto a ■5 ml centr■fuge tube′ add fat
body co■■ected from one ■arva ′ and vortex immediate■y.
3. Shear genomic DNA by sonication (3-5 min)and passage (■
or 2 times)through an ■8 auge need■e using a 50 m■
syringe.  Incubate (45 C water bath)for ■ t0 2 hr.
4. Adうust the NaCl concentration of the lysate to o.5M′ by
adding o.95 mls of 5M NaCl for each ■5 mls of Extraction
Buffer (whiCh iS O.2M NaCl to start)。
5。 Add the pre―equ■ibrated oligo―dT cellu■ose to the
lysateo  Rotate at rooln telnperature for 40-60 min.
6. Centrifuge 3000 rpm at room temperature.  Pour off the
supernatant and resuspend the o■igo―dT ce■■u os in ■o-20 m■
Binding Buffer (500mM NaC■′ ■omM Tris HCl pH 7.5)。 Repeat
this process 4 timeS (or until Clear)。
7. Add the washed oligo dT ce■lulose―mRNA to a disposable
autoclaved columno  Wash with ■o ml of binding buffer 2 or 3
times。  (A■■ow the co■umn to run dry or unti■ no liquid
rema■ns on top of the res■n layer.
8。 E■ute the po■y A+ RNA with O.5 m■ of DEPC water (or ■O mM
Tris―Hcl)intO a ■.5 ml microfuge tube containing 50 ul (0・■
V。■・)Of 2M sodium acetate.  Add ■ ml (2 vol.)Of ■00猪
ethano■ (-20 C)。 Precipitate at -20 C overnight.
9。 Centrifuge at ■4′000 rpm for ■o min.  Dry brief■y under
vacuum′ and add ■00 u■ of DEPC water.  Take ■ u■ into
another m■crofuge tube and determ■e concentration by
measuring absOrbance at 260 - 280 nm.  Stock at -80 C.
Fig. Iv-4. Extraction of mRNA of infected ce■la
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■. Soak e■ectrophores■s tank and other equipment in contact
with RNA in 3著hydrogen peroxide so■ut on and rinse with
DEPC H20 0r dd H20)・
2. Preparation of the ge■:
Microwave (Or autoc■ave) he fO■■Owing:
全:昆rttS3s★                  .き獄l
DEPC H20                   35 m■
After cooling to 60 C add:
FrOmaldehyde (37そ)      5.4 ml
Pour agarose into ge■plate.
3. Samp■e Preparation:
Mix the fo■lowing in microfuge tubes:
i      po■y(A)+ RNA             ■-2 ug     .
.。昆dtt。::写C H20 up t0     4.号 廿i
S:I猟且ユニ:とYdideionized)  31: 廿i
lncubate:  65 C for ■O m■n
4. Add 2 u■ RNA loading buffer (50考 glycero■, ■mM EDTA, 0.4そbFOmophenol b■ue′ o.4そ xylene cyanol)per tube and loadsamples onto gel.  Electrophorese RNA at ■50 V in ■oo m■ of
■x MOPS buffer.
5. Soak the gel for 40 min in a o。■-0.5 ug/u■ ethidium
bromide solution (2-■O ul of ■O mg/m■ stOCk EtBr per 200 ml
dd H20)With gent■e rocking.
6. Mark the s■ze standards a on c■ear p■astic over■ay us■ng
Uv light box。
7. Denaturation:  treat gel in o.o5 M NaOH - 0。■5 M NaC■ for
20 min. (0.4 g NaOH and ■.75 g NaCl in 200 ml dd H20)
8。 Neutralization:  pour off the denaturing so■u ion a d add
O。■ M Tris pH 7.5 - 0.■5 M NaC■ for 20 min。(■.753 g NaCl in
200 m■ 0.■M Tris pH 7.5)。
9. Transfer RNA to nitroce■■ulose or quiva■ent using
Pos■Blot Pressure Blotter.
■0. Fix RNA to nitrocellu■ose using uv stratalinker twO
times,  P■ace fi■ter in Uv stratalinker RNA side up push
autocross■ink button.
■■. Dry filter on 3MM fi■ter paper (at 37 C for ■O min)と
■2. Bake fi■ter at 70 C for 30 min under vacuum
Fig.Iv-5. NOrthern Transfer and Hybridization (MoPS)
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■3。 Wet fi■ter in 5x SSC★。 Pき呈csr:i::二IdiじatF:舌igきことこ:R★ァincubator tube′ add ■o―■5 m■ cand incubate 6 to 24 hours at 42 C.  After prehybridizatiOn
add ■o u■ of denatured probe (see Random Primed DNA Labe■ing
Protoco■)and incubate 6 to 24 hourS at 42 C.
■4. Wash twice with 2x SSC★7 0・■そ SDS (30 min per wash):
■5。 Wash once with o.■x ssc★, 0.■そ SDS (20 min per wash):
■6. Air dry fi■ter″ wrap in saran wrap (using 3MM fi■terpaper as a backing)′ and eXpose to x―ray film overnight
at -80 C.
Mater■a■s:
★
■Ox MOPS (pH 5。5-7.0)
MOPS (0・2M)                  4■.9 g
sodium acetate (50 mM)        4.■ gEDTA rpH 8.0) (■O mM)         20 m1 0.5M stock
add DEPC H20                  tO ■ l
mix we■l and autoc■ave
★De■on■zed Formam■de
Add approximate■y 50-■00 g of ion exchange resin
(BioRad AG 50■―X8)per ■ ■iter of formamide.
★20X SSC
Dissolve ■75。3 g NaC■ and 88。2 g sOdium citrate in 800
m■ DEPC H20・  Adjust pH to 7.O with 3-4 dとops Of
concentrated Hcl.  Adうust V01ume to ■ ■iter and
autoc■ave。
★Prehvbridization so■ution
::i°3と岳員grttE手督a習き呈こtとE具第)(5x)           三: 4i
■0そ SDS (0.5そ)                           5 ml
2 mg/m■ SalmOn sperm DNA (0。■ g/1n■)    5 m■20x SSC (5x)                           25 ml
dd H20                                   5 ml
★50x Denhardt′s solution
Mix the fol■owing:
Fico■■                        5 g
po■yviny■pyrro■idone          5 g
塁SA (Pentax Fraction v)      5 q
dd H20                  tO ■000 m■
Fi■ter through disposab■e Nalgene filtere  store at -20 C.
Fig. Iv-5. continued
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■. Transfer 25-500 ng of DNA into a microfuge tube′ add
water up to ■8 ul′ and denature DNA by heating for ■o min.at 95 C and then chi■■ on i e.  spin down.  Adうust tO ■5 ul
with distilled water.
†≧。:l]g3くI量旱PmiI:E三こ星5):ube °n ice and add the fo■lowing
2 ul′ dNTP (■ul each of dCTP′ dGTP′ dTTP) (or mixture)
0.5 ul′ random primer
こ こと; ξε3CIi旱:′ :苦:廿rEiナi鼻哲.!サfξEこと。us s。.ution
O.5 ul′ K■enow enzyme
3. Incubate 30 min at 37 C
3:2轟
fEB旱
長FSSttr音
′
(:尋
r!子nRと
:ti15 吾:a:ti:と 苦 R呈景:!g 2 ul of
5。 Store at -80 C before use.  one ul of the labeled probe
so■ution is sufficient per ■o ml of hybridization solution.
Before Use:
6. Denature probe by heating (in a Water bath)at 95 C for
■o min.  chi■l on ice,  Add 9 or ■O u■ of the probe to the
incubator tube containing the prehybridization solution and
filter.
Figo lv-6. Labe■ing of DNA by random priming
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precipitated by addition of 20 u■ of 50そ TCA′ incubated on
ice for 30 min′ and centrifuged at ■2′000 rpm for 5 min.
The precipitate was washed w■th ■/5 vo■ume of 50猪 TCA.  The
cells and cytop■asm fractions were so■ubilized in 50 ul of
■O mM Tris―C■′ pH 8.0′ 2を SDS′ and 5そ20-mercaptoethanol′
and boiled at ■oo c for 3 min′and subjected to SDS―
po■yacrylamide ge■ e■ectrophoresis as described by Laemm■i
(■982).
CAT assav: The plasmid′ pA■OCAT2, which contains the
entire coding sequence of the CAT gene′ a HindIII cleavage
site at its 5′ end and′ a Bsp■286 cleavage site at the 3′
end′ was obta■ned from Dr. A. Fuse of Chiba Un■vers■ty.  The
entire coding sequence the CAT gene in pA■OCAT2 was cleaved
with HindI工工 ぅust upStream of the trans■ationa■ start′
treated with the K■enow fragment of DNA po■ymerase l making
blunt ends′ and inserted into the AatI Site of the BmNPV
transfer vector′ pBK283, as shown in Fig. Iv-7A.  The
resu■tant recombinant transfer vector (BmcAT)was iSO■ated
by restriction endonuclease analysis from plasmids
propagated on a mini―sc ■e (Figo ITI-2).  BmCAT was
propagated on a large―sca e (Fig. III-3)′and COtransfected
into BmN Ce■■s with wi■d―type T3 vira■ DNA in the presence
of ca■cium ion as described by Maeda et al。 (■985).
Recombinant virus carrying the cAT gene after the polyhedrin
gene promoter was ■so■ated by p■aque assay by screen■ng
p■aques for the absence of po■yhedra as descr■bed by Maeda
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(■989b).  CAT aSSay was
and Summers (■987).
carr■ed out aS desCribed by cuarino
C. Result and DiSCusSion
BmNPV and SlNPV iSOlates.
BmNPV BT StOCk, which exhibits heat res■stance and a
cubo■dal polyhedral shape, was originally collected in
Tanegashina, Kyushu (Figo IV-8).  ThiS Virus stOCk Was
initially heterogeneous in terms of polyhedral shape′
however, viruses producing only cuboidal polyhedra were
selected from larvae infected per os and incubated at high
ternperature (35 C)fOr Several passages (Watanabe, personal
communication).  The BmNPV BT3■ iSOlate was plaque purified
from thiS Viral stOCk at high temperature.
To isolate the polyhedrin gene of the BmNPV BT 31
isolate′ DNA restrictiOn patterns of BmNPV BT3■ Were
compared with BmNPV T3 iSOlate in O。7名 agarOSe gels as
described in SectiOn IIIo  AS ShOWn in Fig. IV-9, the
restriction endonuclease patterns of BmNPV BT3■ and T3 were
generally similar′ .e′ about 80名Of the fragments had
indistinguishable mobilities.  HoWever, several fragrnents of
BT3■ had no corresponding fragnents.  The estimated size′
130 kb, Of the BT3■(by summing these digested fragmentS)
53
BmNPV T3
Fig lv-8.  Polyhedra
shape)and BmNPV BT31
BmNPV BT31
produced by the BmNPV T3 (pOlyhedral
(CubOidal shape)iSOlates.
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Figo lv-9.  Restriction endonuc■ease analysis of the BmNPV
BT3■ genome.  viral DNA (apprOXimately O.5 ug/1ane)was
digested with the indicated restriction endonucleases and
electrophoresed on a o。7名 agarose gel.  Lanes marked T3′
BmNPV T3 DNA, lanes marked BT31′ BmNPV BT3■ DNA, lane markedLambda/HindIII, lambda DNA cleaved with HindIII.  sizes in
kb are shown at the far lefte
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and T3 genomes were silni■ar.  These results indicated that
BT3■ Was a variant of T3′ hOWever not a very c■ose■y
related iso■ate。
To isolate the ■ocation the po■yhedrin gene of the BT3■
■so■ate, Southern b■ot a■yS■S Was carr■ed out by the
method described in Fig, III-4.  BT3■ Viral DNA waS digested
with EcoRI′ HindIII′ SmaI′ XbaI′ PstI′ BamHI, Sal工′ and
XhoI′ and electrophoresed on a O.7そ agarOSe ge■′ th n
transferred and fixed to a nitroce■■ulose filter.  When the
EcoRI E fragment (■0。5 kb)Of the T3 iSO■ate containing the
polyhedrin gene was used as a probe for hybr■diZation′the
BT3■ iS01ate showed hybridization patterns different from
せhose produced by the T3 iSOlate (Figo lv―■0),  The probe
hybridized large (more than 7 kb)mO■ecular weight fragments
generated by EcORI′ SmaIァ BamH工, XhoI.  The hybr■dization
pattern with HindIII digested DNA was especial■y different.
The probe hybridized on■y to the 3,9 kb HindIII fragment of
T3′ hOWeVer′ it hybridized to three BT3■ fragm nts, 0。9 kb
strong■y, and 3.5 and ■O kb weakly.  These reSu■ts indttcated
that the polyhedrin gene of BT3■ waS ot 10Cated in the same
HindIII fragment as T3.
Two additional probes were prepared to further
character■z  the polyhedr■n g ne ■ocation by Southern blot
ana■ysis.  Probe #20■ contained sequences 20■ bp downstream
and 2.7 kb upstream (HindIII Site)of the trans■at ona■
start of the T3 polyhedrin gene′ and p obe +7■3 co tained
sequences 23 bp upstream and 4.3 kb (PStI Site)downStream
56
BA
0.9
Fig. Iv―■0.  Hybridization of BmNPV T3 vira■ DNA (A)and
BmNPV BT3■ viral DNA (B)digested with the indicated
restriction endonucleases to the ■0.5 kb Ec RI E fragment of
BmNPV T3.  Sizes in kb are indicated to the far left and
righto  Note that probe hybridized strongly to the O.9 kb
HindIII fragment of BT3■.
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of the po■yhedrin stop signal of the T3 polyhedrin gene.
Probe #20■ hybridized to the 20 kb HindIII and 20 kb XbaI
fragments of BT3■.  Probe +7■3 hybridized to the O.97 3.5′
and ■o kb HindIII and 7.5 kb Xbal fragments of BT 3■ (Fig。
IV…■■).  TheSe resu■ts indicated the existence of HindIII
and Xbal s■tes in the pO■yhedr■n gene.  The Xbal s■te of
BT3■ seemed to be ■ocat d at the same pOsition as the       ｀
polyhedrin gene of BmNPV T3 (Maeda et al。ァ ■985), howeVer′
the HindIII site of BT3■ s emed to be generated by
nucleotide substitution.
Fragments of appropr■ate sェze fo  c■on■ng and
sequencing of BT3■ were screened by doub■e digestion and
hybridization using the #2■O and #7■3 probes.  The enzymes
used for the double digestions were EcoR1/Xba工′ PSt1/EcoRI′
BanH1/HpaI′ BamH1/PstI′ Xba1/PstI′ and HindiI1/Pst工・
Hybridization patterns of the doub■e digested BT3■DNA with
the two probes are shown in Fig. Iv―■2.  From these resu■ts′
the EcoR1/Xba工 4.3 kb and the Xba1 7.5 kb fragments, which
presumab■y conta■ned sequences upstream and downstream of
the po■yhedrin gener respective■y′ were c■oned into puc■9
p■asmid.
These two fragments were treated with Ba13■ exonuclease
to produce nested de■tions′ and cloned into pUc p■asm■ds
for sequencing as shown in Figo lv―■3.  The nuc■eotide
sequence of both directiOns of the coding and f■anking
regions were determ■ned by dideoxy sequenc■ng as shown ■n
Figs. Iv―■4A and IV―■5。  When the pOlyhedrin gene sequence
58
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Fig. Iv―■■.  BmNPV BT3■ viral DNA digested with the
indicated restriction endonucleases and electrophoresed on a
O.7猪 agarose gel (B)′ and transferred to a nitrocellulose
filter and hybridized to probes #20■ (A)and #7■3 (C)。  (A)Arrowheads indicate hybridization of probe #20■ to the 20 kb
HindIII and 20 kb Xbal fragments.  (C)ArroWheads indicate
hybridization of probe +7■3 to the O.9′ 3 5, and ■O kb
HindIII and 7.5 kb Xbal fragments。  (D)The pOlyhedrin gene
and f■anking regions of BmNPV T3 indicating the sequence
regions of probes +20■ and #7■3.
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望臣
昌ミ
0
Ce
B~■
0 0.
Probe 201 Probe 713
Figo lv―■2.  BmNPV BT3■ viral DNA double―digested with the
indicated restriction endonucleases and electrophoresed on
O。7老 agarose gel (B)′ and transferred to a nitroce■lulose
filter and hybridized to probes #20■ (A)and +7■3 (C).
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Figo IV―■4.
BmNPV BT3■
Sequenc■ng strategy of
(A)′ BmNPV Hino (B)′ and
the po■yhedr■n genes
S■NPV CC5 (C).
Of
Met Pro Asn Tyr Ser
ATC CCC AAT TAT TCA
Asド Asn Lys Tyr Tyr
CAC AAT AAA TAT TAC
Arg Lys Lys
CCC AAC AAG
Leu Leu Asp
cTT CTA CAC
Lys Asn Cln
AAA AAC CAA
Asp Thr Met
GAT ACC ATC
Tyr ttle Cly Thr Asp
TAC ATC CCC ACA CAC
IXと 長[を [:[ 1[[ たとB :をと を[三 社[と こX[ とこと IXと
Ly員
 全員B I二と :と ことこ とこと kl[ kX員 食ミ[ をとB kX:
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16
48
32
96
48
144
64
192
80
240
96
288
112
336
128
384
144
432
160
480
176
528
192
576
208
62∠ト
224
672
240
720
246
738
His Leu Val Glu His Glu Cln Glu Glu Lys Cln Trp Asp
AC CTA CTC GAA CAT CAA CAA CAG GAC AAC CAA TCG CAC
★
食員B IXと X二[ と二〔 をとB :士拭 を員二 :[[ 二I二と二世 :をX :[: :をと
i
縦をこと路とを二と監承員:撤た益とをi鉱二とこと思員:と[
★                                  大
文X: と三社長l[ と二を 全員B Iを: 長:と :をと kX長 :士せ 二I二 と二せ をとニ
Glu Thr Trp Thr Arg Phe Val Glu Asp Ser Phe Pro lle Val Asn Asp
CAA ACT TCG ACC CGT TTT CTT CAG CAC ACC TTC CCC ATT CTA AAC CAC
Gln Glu Val Met Asp Val Tyr Leu Val Ala Asn Leu Lys Pro Thr Ars
CAA CAG GTG ATC CAC GTC TAC CTC CTC CCC AAC CTC AAA CCC ACA CCC
Pro Asn ArB Cys Tyr Lys Phe Leu Ala Cln His Ala Leu Ars Trp Glu
CCC AAC AGG TCC TAC AAC TTC CTC CCT CAA CAC CCT CTT ACG TCC CAA
Glu Asp Tyr Val Pro His Glu Val lle Arg lle Val Clu Pro Ser Tyr
CAA CAC TAC GTC CCC CAC CAA CTA ATC ACA ATT CTC CAC CCA TCC TAC
Val Cly Met Asn Asn Clu Tyr Arg lle Ser Leu Ala Lys Lys Cly Gly
CTG GCC ATC AAC AAC CAA TAC ACA ATT ACT CTG CCT AAA AAC GCC CCC
:をと 子とi :と長 たIB X二[ 食三B kl: はえ 長:と :たと IX: 薇[[
Ser Phe Val Asn Arg Val lle Trp Glu Asn Phe Tyr
TCG TTT GTC AAC CCC CTC ATA TCC CAC AAC TTC TAC
Asn Ser Phe Clu
AAC TCG TTC CAG
Lys P o l e Val
A C AT GTT
Ser Ala Clu Clu Clu Clu ttle Leu lle Clu Val
TCT CC  AA CAA CAC CAA ATC CTA ATT CAG GTT
Ser Leu Val Phe Lys lle Lys C■u Phe Ala Pro Asp Ala Pro Leu Phe
TcT cTC GTT TTC AAA ATA AAC CAG TTT CCA CCA CAC CCC CCT CTC TTC
Thr Cly Pro Ala Tyr ★★★
ACT CGT CCG CCC TAT TAA
Fig. IV―■5.  Sequence of the :こ
ときと
eg舌
をlelEEei具看土:晋せこと :T3■
.
An asteriSk (★)be■OW a nucle(
nucleotide substitution.  An exclamation mark (1)abOVe an
am■no ac■d sequence ■ dicates an am■no ac■d Substitution.
Three asteriskS (★★★)indiCate a stop codon.
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of BT3■ Was Compared to the po■yhedrin gene Of BmNPV T3
(Maeda et al.′ ■985, Iatrou et a■.ァ ■985)r three nucleotide
substitutions were observed: T at nucleotide ■44 w S Changed
to C, A at nucleotide 204 tO G′ and C a  nucleotide 230 tO
A.  One of these substitutions (nucleOtide 230)resulted in
an amino ac■d Change from Ser■ne to aspartic ac■d.  ThiS
substitution seemed to be respons■b■e for the change ■n the
shape of the inc■usio  body from po■yhedra■tO CubOidal.  It
has been shown that an ACNPV mutant producing cuboidal
po■yhedra has a s■ng■e aln■o substitution from pro■ine to
leucine at amino acid 58 (Carstens et al.′ ■986)Of the
AcNPV pO■yhedrin gene.  Proline can cause ‖b ndSW in the
am■no acェd cha■n due to unique character■sticS of itS s■de
chain.  However′ the amino acid substitution found in the
BT3■ iSO■ate was COnsidered not to Cause drastic changes in
the structure of the po■yhedra based On simi■ar
character■stiCS of the Substituted am■no ac■d.
Recombinant techniques were used to determ■n wh ther
or not a single amino acid substitution was responsible for
the change ■  polyhedra■ sh pe.  The pOlyhedr■n gen  was
exchanged between the T3 and BT3■ iSO■ates using a
recombinant virus′ BMIFN (Carrying the human interferon
a■pha gene in p■ace Of the BmNPV T3 p01yhedrin gene′
Horiuchi et al.′ ■987)。  The COmplete polyhedrin gene
sequence of BT3■ Was first constructed in a plaSmid by
■igation of the 4.3 kb EcoR1/Xbal and 7.5 kb Xbal fragments
conta■n■ng upstream and downstream sequences of the
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po■yhedrin gene and coding region′ respective■y.  A p■aSmid
conta■ning the continuous comp■ete po■yhedr■n gene was
iso■ated by DNA fragment ana■ysis of p■asmid DNA propagated
on a mini―sca■e.  This p■asmid was cotransfected with BmIFN
DNAr and a po■yhedron positive virus (BT―T3)waS p■aque
purified。
To confirm that flanking sequences of the polyhedrin
gene were not invo■ved in the determination of po■yhedra■
shaper the BT3■ pOlyhedrin gene along with a fragment
between the XbaI (at nuc■eotide ■47 of the BT3■ pO■yhedrin
gene)and BamHI (■・3 kb dOWnstream of the BT3■ po■yhedrin
gene)Sites was transferred to the transfer vёctor p89BX40
(Sekine et al.ァ ■988)which COntains about 3 kb Of the
f■anking sequence derived from BmNPV T3.  A recombinant
virus (BTX40)was iSO■ated after cotransfection of this
p■asmid and BmIFN DNA by the method described above.
when the BT―T3 and BTX40 viruses were infected into BInN
ce■ls′ both produced cuboidal po■yhedr  (Fig, Iv―■6).  TheSe
resu■ts ■ndicate that the cubo■da■ shape of po■yhedra ■s
caused by substitution of one am■n  ac■d.  When the
po■yhedrin gene of T3 WhiCh produces polyhedral shaped
inc■usion bodies′ was transferred to the BT3■ genome and
exaninedァ cuboidal po■yhedra were not produced confirming
that the BT3■ pO■yhedrin gene is responsib■e for the
cubo■da■ shape.
BmNPV BT3■ DNA was extracted and cotransfected w■th
recombinant p■smid having a deletion within the po■yhedrin
65
BmNPVBT31J■
■■||||||||||||IB―――……
polyhedrin gene
Figo lv―■6.  Polyhedral production in
with a recolnbinant BmNPV BT3■ carrying
Of BmNPV T3 (■eft), and infected with
carrying the polyhedrin gene Of BmNPV
polyhedrin gene
BmN cells infected
the polyhedrin gene
a r combinant BmNPV T3
BT3■ (right)・
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coding sequence (See section V)intO BmN ce■■s.  A
recombinant virus of BT3■ ■acking po■yhedral production was
iso■ated after cotransfection of BmNPV BT3■ DNA with a
recombinant plasmid lacking the polyhedrin gene and plaque
purification.  Vira■ DNA of this recombinant BT3■ waS
prepared and cotransfected with the EcoRI E (■0.5 kb) (see
section III)fragment Of BmNPV T3′ whiCh contains the
pO■yhedrin gene.  A pO■yhedra producing virus was plaque
pur■fied and re■nfected into BmNo  When these v■ruses were
examined they produced po■yhedra■ sha ed inclusion bodies
identica■ in appearance to those of T3.  These resu■ts
■ndicated that a sing■e m■no acd substitution was
responsib■e for the cubo■da■ shape of the polyhedra.
b. The forma■dehyde resistant BmNPV Hino iso■ate
The BmNPV Hino iso■ate was plaque purified and
propagated in 5th instar s■lkworm larvae.  Po■yhedral
■nc■us■on bodies were purified from larvae by var■ous
centr■fugation processes and v■ra■ partic■es were pur■fied
from inc■usion bodies in a ■o-40猪 Sucrose gradient after
alkaline treatment of po■yhedra.  Viral DNA was extracted
from viral partic■es and ana■yzed by agarose gel
electrophores■s after digestion w■th severa■ endonuc■eases.
Fig. Iv…■7 shows e■ectrophoretic patterns of c■eaved Hino
DNA.  MoSt c■eaved fragments of the Hino iso■ate were
indistinguishable from those of the T3 isolate,  southern
b■ot ana■yss was conducted us■ng the HindIII K fragment
67
〓
?
?
?
???
〓
?
???
?〓
?
?
?
??
?
?
?
?〓
〓
?
?
?
??
??
﹈
?
?
?〓
0
解長 解
0
解 長 解
23.72
岳ilЬ こと:iζte 吾三3ときとEIi尋ltttnettЁu二l:こ目tElaと低:とこi:[i:le BmNPV
endonuc■eases and e■ectrophoresed on a O.7Z agarose gel.
Lanes marked Hinoァ BmNPV Hino DNAF ■aneS marked T3′ BmNPV T3
DNA.  Lane marked lambda/HindIII′ lambda DNA Cleaved with
HindIII.  Sizes in kb are shown at the far right.  Arrowhead
indicates the 3.9 kb HindIII fragnent of BmNPV T3 containing
the polyhedrin gene.
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(See Section III)Of BmNPV T3 cOntaining the po■yhedrin gene
as a probe.  The probe strong■y hy ridized to the 3.9 kb
HindIItt and the ■0.5 kb EcORI fragments of the Hino ■so■ate
(Fig. Iv―■8).  The 3.9 kb HindIItt fragment was assumed to
have the po■yhedrin gene and waS C■Oned into the pTZ■8R
p■asmid for treatment with Ba■3■ exonuclease to produce
fragments with nested deletiPns.  Fragments w■th nested
deletions were rec■oned into pTZ■8R (Figs. IV―■4Bァ ■9)。
The entire nuc■eotide sequence of the po■yhedrin gene
region of the Hino ■so■ate was determined by dideoxy
sequencing of the nested fragments.  No am■no ac■d nor
nucleotide substitutions were found in the coding sequence.
Amino acid substitutions causing changes in structural
conformation resu■ting in low fiXation effiC■ency of
po■yhedra to forma■dehyde have been hypothesized as the
mechan■sm of res■stance of po■yhedra■ res■Stance to
formaldehyde (Nitta and Watanabe, ■984).  HOWeVer′ 土dentical
amino acid sequences of polyhedrin between the T3 and Hino
isolate indicated that the polyhedrin gene a■one was not
invo■ved in forma■dehyde resistance.  Since polyhedra are
surrounded by an enve■ope (po■yhedra■ enve■ope)and itS
associated protein (po■yhedra enve■o e protein)′ it Can be
hypothesized that a change of the polyhedra envelope protein
imparts increased resistance to forma■dehyde in the Hino
isolateo  Experiments to examine this hypothesis Wil■ be
performed by iSOlation of the polyhedron envelope protein
69
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Fige IV―■8.  Restriction endonuclease analysis of BmNPV Hino
digested with the indicated restriction endonucleases and
electrophoresed on a o.7宅 agarose ge■(B)and transferred toa nitroce■■ulose filter and hybridized with the ■o.5 kb
EcoRI E fragment of BmNPV T3 (A).  Arrows indicate
hybridization of the probe to the ■o.5 k  Ec RI and 3.9 kb
HindIII fragments of BmNPV Hino.
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and exchange exper■ments us■ng the bacu■ovェr s express■on
vector system。
ce SlNPV OT2
The S■NPV OT2 iSOlate is c■ssified as an AcNPV variant
(AcNPV OT2)as deSCribed in section II.  The nuc■eotide
sequence of its po■yhedr■n gene was determ■ned by dideoxy
nucleotide sequencing and compared to the AcNPV pOlyhedrin
gene to study the re■atedness of OT2 and AcNPV.  The
polyhedrin sequence of the OT2 isolate was comp■ete■y
■dentical to that of AcNPV.  In addition′ other DNA
character■stics of this v■rus have shown ■t to be an AcNPV
varttant and near■y id ntica■ to cal■eria mellonera NPV.
d. S■NPV CC5
ェt has been shown that the S■NPV CC5 isoate belongs to
the type C group of S■NPV by DNA hybridization and ■n vitro
replication studies (Maeda et al.′ ■990)・  DNA hybridization
experiments show ■ow DNA homo■ogy of CC5 to OT2 (AcNPV
variant) (Maeda et a■.ァ ■990)′ 土.e. the ■.8 kb HpaI―indIII
DNA fragment of BmNPV T3 (Maeda et al.′ ■985)containing the
po■yhedr■n gene on■y hybr■dizes to ■im■ted regions of CC5
(data not shown).  TO ana■yze the poyhedrin gene of S■NPV
CC5′ a ■O kb HindIII fragment′ which presumably conta■ned
the po■yhedrin gene, was cloned into the HindIII site of
puc■9.  using this p■asmid further hybridization analysis
72
narrowed the ■ocation of the po■yhedr■n gene to near the
scal site ■ocated in the center of the HindIII fragment (see
Fig。 ■4C).  After c■eavage at the Sacl site′two fragments
possessing the polyhedr■n gene area at its ends were
subc■oned into pTZ■8R■ambda and the po■yhedrin gene area was
sequenced as described in Fig. IV-20.
When sequence around the Scal region was examined′ one
open reading frame 738 nuc■eotides in ■ength (inc■uding the
translationa■ start)enCOding a 245 amino acid long protein
very similar to po■yhedrin was found.  Fig. 工V-2■ shoWs the
entire sequence of the S■NPV CC5 po■yhedrin gene and its
deduced am■no ac■d sequence a■ong w■th am■no ac■d sequences
Ott the pO■yhedr■n genes of other NPVS and the granulin gene
of two GVs fOr colnpar■son.  The nucleotide sequence and
am■no ac■d sequences were genera■■y s■m■■ar to those of
previously reported po■yhedrin genes (Figo lv-22デ Rohrmann′
■986).  When the po■yhedrin amino acid sequence of CC5 was
compared in deta■■ to other polyhedr■n am■no ac■d sequences
frOrR AcNPVァ Q. Ine■lonella NPV′Q. pSeudotsuqata  NPV′ ≧ .
dispaI NPV, and BmNPV (See Section III), no identica■
sequences were found′ and Q。つSeu otsuqata NPV ShOwed the
highest homo■ogy (89老)(Rohrmann, 1986).  TheSe results
suggests that there are some genetic relationships between
OpNPV and the cC5 iSOlate of S■NPV group C.  It iS Of
■nterest that they are character■zed as comp■etely different
v■ruses due to differences ■n the■r hoStS.
HindIII
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9omHI
pTZ18P入
Scal
ScoI
Met Tyr Thr
ATC TAT ACT
Tyr Asp Asn
TAC CAC AAC
Lys Arg Lys
AAA CGG AAA
Asp Pro
CAT CCC
Cly Lys
CCC AAC
Pro Asp
CCC GAC
Arg Tyr
CCC AC
Lys Phe
AAG TTT
Glu His
A  CAT
Leu Glu Arg
TG GAA ACG
Asn Cln Lys
 CAA AAG
Thr Met Lys
AC  ATC AAA
Se  Tyr
AC  TAC
Tyr Lys
AC AAA
Leu Val
TTG GTC
Tyr Val
TAC CTC
Leu Thr
TTC ACC
Leu Val
TC GTC
Asn Pro
A  CCC
Asn Leu
T CTC
Gln His
CAA CAT
 Ala
G  CCC
Leu Phe
CT  TTT
 Asn
C  AAC
Ser Leu
TCT CTC
Gly Ser
CGT TCA
Glu lle
CAA ATC
Glu Asp
GAC GAC
Lys Glu
AAA GAA
Trp Ser
TCG ACC
Gly Arg
GT CCC
Val lle
GTC ATC
C u Glu
CAA GAG
Pro Phe
CC  TTC
I e Arg
ATC CGT
Cly Lys
G  AAA
Thr Tyr
ACC TAC
Lys Asn
AAA AAC
Arg Thr
ACG ACA
Leu Cly
CTC GCA
Leu Val
CTC CTC
Clu Phe
CAC TTT
Val
CT
la
CC
Leu
TTG
Pro
C C
Lys
AA
Leu
C C
Asn
AAC
Thr
ACT
Arg Cys
CGT TCC
Pro Val
CCC GTA
Lys Gly
AAC GCC
Ser Phe
TCT TTC
Pro lle
CCC ATC
Leu Glu
CTC CAA
Pro Leu
CCT CTC
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16
48
32
96
48
14埼
64
192
80
240
96
288
112
336
128
384
144
432
160
480
176
528
192
576
208
624
224
672
240
720
247
7rl l
ArB Glu Thr
AGG GAA ACT
Arg Pro
ACA CCC
Asp Pro
CAT CCT
Tyr Val
TAC CTC
Cly Cly
CCC CCC
Glu Clu
GAA CAA
Val Tyr
GTG TAC
Val Ala
GTC CCC
Tyr Asn
TAC AAC
Asn Arg Cys
AA  CCA TCC
Asp Tyr Val
AC TAC CTT
Gly Ser Asn
GC  TCC AAC
ys Pro Val
T  CCG GTC
Phe lle Asn
TTC ATC AAC
Val Gly Thr
GTA CCA ACC
Leu Val Phe
T  GTT TTC
Gly Pro Ala
GGA CCC CCA
Tyr Arg
TAC ACA
Pro His
CT CAC
Asn Clu
AAC AG
Met Asn
AT  AAT
Arg Val
CC GTC
Asp Ser
CAC TCC
Lys lle
AAC ATC
Phe Leu Ala
TTC TTG CCC
Glu Val lle
CAA CTC ATC
Tyr Ars lle
TAC CCC ATC
Leu His Ser
CTA CAC TCT
Ile Trp Clu
ATC TCG CAA
Gly Glu Glu
CT CAA CAG
Lys Glu Phe
AAA CAG TTT
Gln His
CAA CAC
Arg lle
CCC ATC
Ser Leu
ACC TTC
Clu Tyr
CAG TAC
Asn Phe
AAC TTC
Clu Glu
CAA CAA
Ala Pro
CCC CCC
Ala Leu
CCT CTC
Val Glu
GTC GAC
Ala Lys
CCC AAA
Thr His
ACC CAC
Tyr Lys
TAC AAA
Ile Leu
ATC CTC
Asp Ala
CAC CCG
?
?
?
【?
?
?
 Ars Phe Met Clu Asp Ser Phe PrO Ile Val
C CCT TTC ATC CAA CAC ACC TTC CCC ATC GTC
Asp Gln Clu lle Met Asp Val Tyr Leu Val lle Asn Met Arg Pro
CAT CAA CAA ATA ATC CAC CTC TAT CTC CTC ATC AAC ATC ACA CCC
?
?
?
?
?
?
★Dk・★
T
Fig. Iv-2■.  Sequence ofthe polyhedring ne OfSlNPV CC5.
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2. Expression of the polvhedrin crene.
a. ExpreSsion of the polvhedr■n crene_■_ o
The po■yhedr■n genes of bacu■ov■ruses are expressed at
a late stage of infection′how ver′ few studies have been
conducted on the express■on of the polyhedr■n and other
bacu■ov■ra■ genes.  To study gene express■on of the
po■yhedrin gene of BmNPV′ especial■y ttn vivo′ the
recombinant virus, BmDH5 (Maeda′ ■989C)WaS used.  After
BmDH5 was inうected intO the body cavity′ fat body was
co■■ected at appropriate times after infection and po■y (A)十
RNA was extracted by the method descr■b d in Fig。 ェv-4.
Poly (A)十 RNA waS e■ectrophoresed on a ■.5名 agarose ge■′ and
transferred to a nitroce■■u■ose fi■ter.  The filter was
SubうeCted to Northern b■o  ana■ysis using a p■aslnid probe
containing a synthetic diuretic hormone adうacent tO the
po■yhedrin promoter。
Three days post infection′a  800 nt band was detected
which intensified at 4 days post infectio4 (Fig. Iv-23.
Four days post infection, two additiona■ m■nor b n s were
identified with mobi■ies of ■800 and 2400 nto  No .
detectable band was observed in fat body co■■ cted rom
uninfected control ■arvae.  Transcription of the polyhedrin
gene initiates 53 bp upstream of the po■yhedrin
translational start (HOriuchi et al.′ ■987)and he poly
(A)十 signal is located 435 bp downstream of the polyhedrin
stop codon (IatrOu et a■.ァ ■985)。  SinCe the size of the
inserted gene (DH)WaS 95 bp′ the expected size of the
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po■yhedrin promoter derived lnRNA was about 700 nt′ which was
a■most identical to the 300 nt observed in the Northern b■ot
ana■ysis.  These resu■ts indicated that the maコOr band
originated from a po■yhedrin promoter derived mRNA.  The
po■yhedrin promoter was not activated at an ear■y s age of
■nfection and strong■y activated at a ■ate stage of
■nfection in v■vo′ in fat body cells.  The additiona■m■nor
bands ■800 and 2400 nt in size were considered as extended
mRNAs which were read through the poly (A)+ Signals, since
the po■yhedrin mRNA of other bacu■oviruses show simi■ar read
through products in infected cells (Friessen and Mi■■er′
■985, Lubbert and Doerf■er, ■984).  ThiS type of read
through was not found to occur in fat bodies ■nfected w■th
BmNPV.
b. Activation of the po■vhedrin gene promoter bv
hetero■ocrous vira■ nfection.
During our exper■m ntsP a recombinant v■rus carrying
two different polyhedr■n gene promoters was ■solated as
fo■lows.  BmIFN vェra■ DNA waS cotransfected w■th p■asm■d DNA
containing the 7.2 kb EcoRI fragment containing the
po■yhedrin gene of the S■NPV (AcNPV)OT2 iSOlater and a
recombinant virus producing po■yhe ra was isolated by plaque
purificationo  Since the upstream region of the polyhedrin
gene of the OT2 iSo■ate had no apparent homology between
AcNPV and BmNPV (Maeda et al.ァ ■985)′ the ■OCation of the
po■yhedr■n gene of this recombinant v■rus was analyzed by
81
DNA restr■c ion enzyme ana■ys■s.  The po■yhedr■n gene
unexpected■y inserted at a pos■tion, which had relatively
high (80■90そ)DNA homo■ogy′ but was different from the
original po■yhedrin gene location.  The prec■se region
determined by doub■e digestions of severa■ enzym s is shown
in Fig. Iv-24.  These resu■ts indicated that )a different
po■yhedrin gene promoter of s■NPV (AcNPV)OT2 is activated
in BmN ce■ls, 2)the pOlyhedra■ pro uction of AcNPV occurred
in BmN cells by activation of BmNPV gene productsr and 3)
the ■ocation of the polyhedrin gene promoter in the vira■
genome ■s not ilnportant for express■on.
Cat assay was used to further study the activation of
various polyhedrin promoters in different ce■l .  cAT assays
are common■y employed tO quantitate gene expression leve■s
due to its high sensitivity and lack of endogenous activity
in eukaryotic cel■s.  BmNPV carrying the cAT gene was
■n■tia■ly inserted after the po■yhedrェn gene promoter
(deSignated BmcAT).  BmCAT was ab■e to express cAT at a high
■evels so that express■on was detected w■th a high degree of
sensitivity.  BmcAT was propagated and infected into
permissive ce■ls with and without the S■NPV (OT2)iso■ate。
ce Constrttction Qf new transfer vectors of BmNPV
since the 5′ non―translated region of the po■yhedrin
gene ■s■mportant for high level express■on of foreign
genes′ new transfer vectOrs were constructed conta■n■ng
these sequences.  Plasm■d  cOnta■n■ng the polyhedr■n gene
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and the 5′ f■anking sequence were used as a base for the
construction of new vectors.  After Ba13■ digestion, a
plasmid containing nearly the entire 5′ f anking sequ nce (3
bp fron the trans■ational start of the polyhedrin gene)was
iso■ated (pO■―left)as ShOWn in Fig. Iv-25 (detai■S Of the
construction are described in section IV-3).
using a simi■ar strategy′ a DNA fragment containing the
3′ region including 5 bp upstream (in the COding sequence)
from the trans■ational stop of the polyhedr■n gene was
iso■ated (pOl―right) (Fig. Iv…25).
The HindIII―EcoRI fragment (HindIII is ■ocated to the
left end in Figo lv-25 and EcoRI is connectec to a pUC
■inker)containing the 5′ region of the po■yhedrin gene of
po■―■eft and the EcoRI―Pstl fragment (PStl is ■ocated to the
right end in Fig. Iv-25)of pO■―right were ■igated using the
EcoRI and Scal sitese  when the resu■ting p■asmid′pBE274′
was tested for foreign gene express■on ■eve■s us■ng the
human ■ terferon alpha gener a 5-fold increase ■n express■on
activity was obtained in infected culture medium and in the
hemo■ymph of infected larvae.  Expression of a synthetic
■nsect―spec■fic scorpion tox■n gene also exhibited high
■eve■ expression in ce■l cu■ture and in ■arvae.  Similar
vectors′ pBE284′ pBK273, pBK283 were constructed by ■igation
with the 3′ region and a part of the ■inker region of the
plasmid pBMo30 plaSmid (HOriuchi et al.′ ■987) (Fig. Iv-26)。
封/
/
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Fig. Iv-25。  Construction of p■asmids
polyhedr■n genes w■th deletions ■n the
conta■ning BmNPV
coding region.
PatI  BetXI_
HindHI
HindIII
Amp
ー
EcoRI
T3
?
?
?
85
Fig, Iv-26.  Physical map of
vectors (bottOIn)。  Mu■tiple
transfer as indicated (tOp).
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3. Structure and ■oca■ization of the po■vhedron crysta■
Deletions were made in the po■yhedrin gene by Ba■3
exonuc■ease digestion for both directions (Fig. Iv-25).
These de■et d fragments  ere sequence by dideoxy nuc■eotide
sequenc■ng and the exact s■tes where de■etions occurred were
determined.  Tota■■y′ mu nt with ■■5 and 42 different
de■etions from the  5' and 3′ends of the coding sequenceァ
respective■y′ were ■solated.  The deleted ends were ■igate
to the Smal site adjacent to EcoRI′ which was derived from
the pUC8/9 p■aSmid.  The two fragments were connected at the
EcoRI sites after calculation and adうustmen  i the reading
frame′ so as to generate a continuous am■no ac■d sequence
with the addition of a SmaI―EcQRI (5′―GGGAATCCC-3′)linker
sequence.  By this procedurer all mutants had an additional
9 bases which expressed 3 amino acids.
The p■asmid constructs with various de■etions were
transfected with wi■d―type BmNPV DNA into BmN cells and the
cotransfection ce■l culture medium was subうected tO p■aque
assay using BmNo  When the plaques were screenedr about ■猪
■acked polyhedra■ production′ which was similar to the
percentage of recombinant p■aques found when a foreign gene
is inserted into the polyhedrin gene of BmNPV (Maedar
■989b)。  Since no p■aques lacking polyhedral production were
observed in a contro■ tra sfection of the wi■d―type BmNPV
DNA onlyァ plaques w■thout polyhedra were cons■dered t  be
mutants w■th the expected deletions in the po■yhedr■n gene.
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Severa■ iso■ates w■thout po■yhedral production were
plaque purified and propagated in BmN cells.  BmN ce■ls
infected with these iso■at  d d not shown any polyhedra■
productiOn at a high (50)moi Of infection.  when the
infected cel■s w re col■e ted and subjected to SDS―
po■yacry■amide ge■electrophoresisr a majOr band was
detected by Coomass■e b■ue ta■n■ng at a pos■ti n expected
for polyhedrin with the induced de■etions (Fig. Iv-27).
When the #79-■05 recombinant p■asmid (cOntaining a
deletion between 79 and ■o5 nt from the trans■ationa■ start)
was cotransfected with BmNPV T3 DNA′ recolnbinant v■rus w■th
cuboida■ shaped polyhedra were produced and isolated by
p■aque assay.  when the plasm■d #79-■05 was cotransfected
with BmIFN DNA′ recombinant viruses producing cuboida■
shaped po■yhedra were a■so produced and iso■ated.  P■aque
purified +79-■05 recombinants shOwing the cuboida■ phenotype
also produced polyhedra 3-5 times larger than wi■d―type
BmNPV (Fig. Iv-28).  Furthermore′on■y a few po■yhedra per
nucleus were produced′ probably because of the large s■ze of
each polyhedra.  #■24-■4■ and #99-■■2 recombinants also
produced a simi■ar type of polyhedra in the nucleus (Fig。
IV-28).
When a deletion at the c―terminus (26 bp)was
■ntroduced into the po■yhedr■n gene′ po■yhedra which ■acked
straight edges and non―uniform in shape were produced (Fig.
IV-28).  The number of polyhedra per cell nucleus was
S irRi■ar to those of wild―type BmNPV T3.
88
LMW l 10 LMW
30K
20K
14K
Fig。 ェv-27.  SDS―PAGE (■2.5そ acrylamide)of prOteins stained
with coomassie bri■l ant blue.  Lane ― , low molecu■arweight markers (BRL), lane ■, mOck infected BmN, ■ane 2′BmNPV T3 infected BmN, ■ane 3, BmN infected with a
recombinant BmNPV conta■ning a deetion between nucleotides
5 and 3■O of the po■yhedrin gene, ■ane 4′ de■etion between
nuc■eotides 5 and ■72, ■ane 5′ 5 and 499, lane 6, ■85 and
4■0, ■ane 7, 352 and 477, ■ane 8, 386 and 574: lane 9, 360
and 632, and lane ■0, 386 and 7■5。  Arrowheads indicate
po■yhedrino  sizes in ki■o―Daltons are indicated to the far
left.
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713 738
BmNPV Ta pOlyhedrin geneBmNPV T3 polyhedrin gene
Fig. Iv-28.  Polyhedral production of BmN cells infected
with recombinant BmNPV carrying the BmNPV T3 pOlyhedrin gene
with deletions of nuc■otides ■oo to ■■■ (left)′ and 7■4 to
738 (right)。
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These results indicated that ■)prop r polyhedral
inclusion body assembly requ■red most anino acid sequences
of the pOlyhedrin gene, 2)a ninOr deletion or substitution
within the polyhedrin gene caused the production of cuboidal
polyhedra of abnorma■ly large size, and 3)the C―te.ェllinus
anino ac■d sequence ■s r spons■ble for the straight edge
phenOtype of polyhedra.  These results are reasonab■e in
light of the fact that sequence analysis of mutants with
different polyhedra shape have shown that they possess on■y
a single anino acid substitution (Carstens et a■., ■987,
Mori et al., ■989).  The amino acid sequence of the
polyhedrin gene in various NPVs are highly conserved (more
than 80名 in the polyhedrin genes of seven NPVs) (See Fig.
IV-20).  Furthermore′  number of anino acids are very
highly conserved (Rohェェllann, ■986)′ indiCating that the size
of the alFnino ac■d chain ■s ■mportant for polyhedra.  This
study also supports the hypothesis that the size of the
amino ac■d ha■ns is ■mportant for the noとェllal formation of
polyhedra.
All cuboidal shaped polyhedra were found to be located
in the nucleus.  To analyze the mechanisms of the nuclear
localization of polyhedrin′ the location of the deleted
polyhedrins were analyzedo  Cells infected with various
polyhedrin deletion mutants were initially observed using
FCTC―onうugated antibody against polyhedral proteins.
However′ the sta■ning patterns wェth antibodies were not
c■ear′ probably due to the expansion of the cell nucleus and
9■
8   9
NC N cLMw
94K
67K
43K
30K
20K
14K
Figo lv-29。  SDS―PAGE (■2.5Z acrylamide)of prOteins from
the nucleus (laneS marked N)and cytOplasm (■anes marked c)
stained with coomassie brilliant blue.  Lane LMW′ owmolecular weight markers (BRL), lane ■, BmNPV T3 infected
BmNデ lane 2′BmN infected with a recombinant BmNPVcontaining a deletion between nucleotides 5 and 3■O of the
po■yhedrin gene, ■ane 3′ deletion between nucleotides 5 and
■72, lane 4, 5 and 499デlane 5, ■85 and 4■0, ■ane 6′ 352 and477, lane 7, 386 and 574, lane 8′ 360 and 632, and lane 9′386 and 7■5。  Arrowheads indicate polyhedrine  sizes in
ki■o―Da■tons are indicated to the far left.
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low affinity of the antibody to po■yhedrin under the non―
denaturation condition w■thout SDS treatment.  Due to the
poor resu■t  Of the ■Inmunoassays, the nuc■eus was separated
from the cytop■asm and po■yhedrin ■oca■ization was analyzed
by SDS―pO■yacry■amide ge■electrophoresiS (Fig. Iv-29)。
when various samp■e were stained with COomassie blue′ most
polyhedrins with de■et ons were found in the nucleus
fraction.  Polyhedrin with de■tio s betWe n its 2nd and
56th arnino acidS (reCOmbinant 半5-■72)′ ■OCa■iZed in the
cytoplasm but not in the nuc■euso  When the de■e ed r giOn
of the po■yhedrin gene was narrOWed from nucleotides 5-■72
to 5-■■2 (recombinant #5-■■2)′ he pO■yhedrin was a■So fOund
Ьn■y in the cytOplasm.  Polyhedrin of recolnbinant #5-6■
which lacked nucleotides 5-6■ Of the polyhedrin gene
localized in the nucleus.  These resultS indiCate that a
signa■ sequence for nuclear localization ■s fOund′ between
nuc■eotides 6■ and ■2.  ThiS region corresponded to amino
acids ■9 t0 36.  In this region po■yhedr n haS a sequence of
A■a(30)―Lys―Arg―Lys―Lys―His―Leu(36).  ThiS Sequence of basic
am■no ac■ds surrounded by nonpolar ara■ ac■ds ■S S■m■■ar to
the nuc■ear loca■iZ tion signal of Other peptides such as
the ■arge SV40 T antigen (Fig。 工V-30)WhiCh iS localized in
the nucleus.  Howeverァthe #5-■39 mutant Without this
sequence conta■n■ng a s■m ■ar s■Zed de■etion′ ■oca■ized both
in the Cytoplasm and nuc■eus′ and mutants'with ■arge
de■etiOns including this nuclear ■ocalization signal
produCed polyhedrins which loca■zed in the nucleus.  These
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resu■ts indicated that other mechan■sms bes■des the am■o
ac■d ■ocalization sequence mentioned above of po■yhedr■n
might be respons■b■e for nuclear ■oca■ization。
95
V. Gene structure and express■on of BmNPV.
A. Introduction
Nucleotide sequencing of target DNA fragments and
computer ana■ys■s ■s One of the most effective strategies
for the study of specific genome characteristicso  As
discussed in previous sectiOns′ BmNPV was used for this
analysis.  BmNPV has not yet been studied at the DNA ■evel
■n spite of its ■mportance ■n agr■culture and as an
express■on vector.  AcNPV′ on the other hand, has been
wide■y studied at the DNA ■eve■.  BmNPV and AcNPV have high
DNA homology yet have different host spec■fic■ties。
In this sectionァ hom logous■y repeated sequences in the
BmNPV genome were isolated′ sequenced′ an  analyzed by
comparison to AcNPV.  The HindIII c fragment (86.4-99.6 map
position)of BmNPV, which supposedly contains four immediate
ear■y genes, was a■so subc■oned′ and the entire sequence of
this region was sequenced.  Genome structure and gene
expression was examined by computer analysis.
B. Mater■a■s and Methods
DNA seguencinq: The dideoxy sequenc■ng method as
described in section III was employed tO determ■ne the
nuc■eotide sequence of genoln■c fra ments ■ serted and
propagated in p■asm■d vectors.  DNA fragment ■ibrar■es for
sequence analysis were cOnstructed from ■)restriction
endonuclease digested genomic DNA (sectiOn III, Maeda and
96
Maコ■ma′ ■990)and 2)soniCated genonic DNA (Maeda et a■.ァ
■99■a).  The ends Of all DNA fragments in the two ■ibraries
were initially sequenced.  To deteとェllin  ェnternal s quences′
nested deletions of DNA fragments fron the Wrestriction
endonuc■ease‖ library were generated with Ba13■ exonuclease
treatmento  Plasmids with nested deletions were subぅC tO
mini―prep propagation′ and plasmids with appropriate
deletions were direct■y sequ nced using a puc primer.
Sequence analysis by personal cOInputer: sequence
■nfo.lnation was read and transferred to an IBM Pc using a
progran written in Basic and analyzed by various subprograms
of DNASIS.  Homology search was carr■ed out us■ng cene Bank
R68.
C. Results and Discuss■on
1. Homoloqously repeated secTuence
Physical mapping and hybridization experinents revealed
the ex■stence of five distinct areas conta■ning homologously
repeated (hr)Sequences in the genome (deSignated hr■ to
hr5) (see Section III) (Figs. III-6ァ V―■A).  The map
pOsitiOns of these repeated sequences in the BmNPV genOme
were sinilar to those found in the AcNPV genome (cOChran and
Faulkner, ■983, Guarino et ale, ■986).  Due to the
repetitive nature of the repeated regions′ it was not
pOss■ble to Obta■n accurate sequence ■nforr ation by cOmputer
analysis of informatiOn accumulated by random sequencing of
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the genome ■ibrary from sonicated vira■ DNA fragments (Maeda
et al., ■99■a).  To Obtain accurate sequence info.lllatiOn of
the hr regions, DNA fragments each containing a complete hr
region were prepared fron the DNA restriction fragment
library (see SectiOn III, Maeda and Maうima■990).  The
library fragments used for sequencing conta■ning th  hr
regions were the 4.2 kb PStI―HindIII (96.■-99.6 map units)
fragment, the 4.■kb PstI H (■8.8-23.3 map units)fragment′
the 4.9 kb PstI K (50.■-53.8 map units)fragment′ the 6.■ kb
HindIII…BamHI (67.7-72.7 map units)fragment′a d the 7.6 kb
BamHI D (80.6-86.3 map units)fragment′ which contained hrl,
hr2′ hr3′ hr4′ and hr5′ espectively, as determined by
comparison of the physical maps of BmNPV T3 (sectiOn III)
and AcNPV (CoChran et al.′ ■982)。(Fig. V―■A).  The
fragments containing the hr regions were treated with Ba131
exonuclease to produce nested deletions for sequencing as
descr■bed in section III.  The sequence of the fragments
with nested deletions was deteと川ined by the dideoxy
sequencing method in two directions.  All sequence data was
melded and analyzed by the DNASIS program using an IBM
compatible personal computer.
When the sequence of the five DNA fragrnents were
analyzed by the Harr plot analysis subprogram of DNASIS′
seven maうor hr regions were identified.  The original hr2
and hr4 regiOns were further subdivided into hr2-left and
hr2-right, and hr4-left and hr4-right′ respectively.  Six of
the seven maうor hr regions were located in regions high in
99
EcoRI sites as shown in Fig. v―■Bo When the number and
position of the BmNPV hr regions were compared with the six
hr regions (Guarino et al.′ ■986)Of AcNPV, hr2-right of
BmNPV seemed not to have a counterpart in AcNPV′aS
discussed be■ow.  A■though hr4-right (7■.5 map unit)of
BmNPV had no EcoRI Sites, it corresponded to hr4-right of
AcNPV (Guarino et a■.′ ■986).  The Other hr regions of BmNPV
corresponded very closely to the■r respec ive counterpart
regions in AcNPV.  In conclusion′ hr■′ hr2-left′ hr3′ hr4-
■eft′ hr4-right′ and hr5 of BmNPV seemed to correspond to
hr■′ hr2′ hr37 hr4-■eft, hr4-right, and hr5 of AcNPVァ
respective■y.
Sequence ■nformation of the seven BmNPV hr regions ■s
shown in Figs. v-2 to V-6.  The BmNPV hr regions, hr■′ hr2-
left′ hr2-right′ hr3′ hr4-left′ hr4-right, and hr5 contained
7′ 5′ 3′ 6′ 3′ Or and 8 EcoRI sites′ respective■y.  The
nulnber 6f EcoRI sites in each of the BmNPV hr regions did
not correspond to those of AcNPV,  In AcNPV′ hr■, hr2′ hr3′
hr4-left′ hr4-right′ and hr5 contain 5′ 8′ 8, 2′ 4′ and 6
EcoRI s■tes.  The number of nuc■eotides between the EcoRI
sites in the BmNPV hr regions mostly varied between 72 and
■o9 bp and averaged 83 bp.  HOwever′ hr2-left had two ■80 bp
separations and hr5 had an ■8 bp separation (Fig. v-7).
When the repeated sequences of the hr regions of BmNPV were
aligned as shown in Fig. v-7r COre sequences possessing an
EcoRI S■te at its center were recogn■zed, More than 95そof
the nucleotides ■n th  core sequence of the repeated
f■
GゝATAAAAA
4TTAATCA
『GACGCAAC
AゝCAATGAC
,AGTTTTGA
3TAAAGCCA
GゝAATTCTA
PTATAATAA
】GGTTCAGT
CゝATCACCT
】AAAAACAA
3ATCATGTT
CゝATCATTT
PGAGCCGTG
3TATAATTC
]CACGTGTA
AゝGATTCTA
3TAGCGAAG
aAATAATCG
CGTTGTAAAT CCGTATCACG
T ATCACGAA CAAGTCGATG
AACATACAAT TCTTGCATCA
ATCATCGTTT GATTGTGTTT
AA ACAAATG ACATCACCTC
GTTCAGTTTT GAAAAACAAA
CTCGTAAAGC CAGTTCAGTT
ATGACATCAT TTCTTGATCA
TTTGAAAAAC AAGTGACATC
TTCGATCATG TTTTACACGT
GTCACATCAT TTCTTAAATT
T ACACGTAC AATTCTACTC
TTTTGATTAT GTTTTACAAG
TCCAAAAAAT GACATCACCT
A TCGTAAA GCGAGTACAT
AA TGTTTCC CCCCCGTTGG
ATCTAATATG TTTTAAAACA
CATGTGTG GACCACACAA
ATTTAACCAA CACGTCTAAA
CTATCGATGT
AAACAAACAA
TAAAAATTTA
TACACGTAGA
TTGATTATGT
TGACGTCATT
T GA AAAAC
TGTTTTACAC
ATTTCTTAAA
AGAATTCTAC
AAGTTT GAA
GTAAACCGAG
TAGAATTCTA
TATGACATCA
ATT GT AC
CACAACTATT
CCTTTGCAAC
CAGATAGTAA
TATTATCATG
TGACCCCAAC
ACAAGAAGTC
ATGATATTA
ATTCTACTCG
TTTACACGTA
TC TCATCAT
AAATGACATC
GTAGAATTCT
TT ACTTTTG
C TAAAGCG
A CAAATGA
TTCAGTTTTG
CGTAAAAC
C CACTGATC
GTTTCTCAGA
TACAGTCCGG
CCGAGTTGTT
ACAAAACCC
G CTGCACTT
■00
AAAAAATTTA   60
GATAAAA  ■20
A TTTAAAA  ■80
AAAGCCAGT  240
A TTCTACT  300
GTT TACACG  360
AA TTTTATT  420
ACTCGTAAAC  480
AAAAACAAAT  540
AGTTCAGTTT  600
CGTCATTTCT  660
AAAAACAAAT  720
GAGTTCGGTT  780
GTC GTTACA  840
TAACATTCAA  900
CCAAGTTATA  960
TCCGTACGTG 1020
CAGTATTCGA ■080
TTTGCGGGCG ■140
core sequencesig. V-2.  Nucleotide sequence of hr■ of BmNPV. EcoRI
ire underlined。
hr2-■eft
CAAAGACGAT
CCGTTTGGGA
CGAGTAGAAT
CAATTTAAGA
TACTTGTAAA
CGAGTACAAT
GAATTTAAGA
TACTTGTAAA
CCAGTAGAAT
GAATCATCTC
AACACAATCA
TCGCTTTACG
ACATGATTAT
CGAGTAAAAT
CTGGGCCTTA
TGCGGAATAA
TCTACGTGTA
AATGATGTCA
ACATAATCAA
TCTACGTGTA
AATGATGTCA
ACATAATCAA
TCTACGTGTA
ATTTGTTTTT
AAAAATGATG
AGTAGAATTC
AAACGTGTTT
TCTACTTCTA
CCC CCATCC
TTCCCATATG
AAACACAATC
TTTGTTTTTC
GGGATGATGT
AAACACAATC
TTTGTTTTTC
GGGATCATGT
AAACACAATC
CAAAACTCAA
TCATTTGTAG
TACGTGTAAC
ATC ATGATT
ACCCAACATC
GTTGAGCAAA
TAAATGATGT
AAGAGATGAT
AAAACTCAAC
CA TTGTTTT
AAGAGATGAT
AAAACTGAAC
CA TTGTTTT
AAAACATGAT
TGGCTTTAC
AATCATGTCA
GCATGATCAA
CA TTGTTTT
GGTCGATCAT
AC ACCGCCA
CA CGCTTTA
TCATTTGTT
TGGCTTTACG
TCAAAACTCA
TCATTTGTT
TC CTTTACG
TCAAAACTGA
TCATTTGTT
G GTACAATT
TTGTTTTTC
A ATCATGT
TCAAAACTGA
GTCATTTATT
■01
ATTCTGACGG  60
AC CGCTTTA ■20
TTTCAAAACT ■80
AGTATAATTC 240
ACTCGCTTTA 300
TTTCAAAACT 360
AGTATAATTC 420
ACTGGCTTTA 480
TTTCAAAACT 540
CTACGTGTAA 600
AAAATTAAAC 660
CATCTTTTAC 720
ACTCCCTTTA 780
TGTGCAAAGC 840
hr2-right
ATGTGTAATC
TAGTAAATCA
TTCAGTTTTG
TCATCCCTTG
ACATCATTTC
CACGTAGAAT
AAATTCAGAC
AATGTGTATT
CATCATCCCT
AAAAACAAAT
ATTGTCTTTT
TTAAATTTAG
TCTACTCGTA
TAGTTAATAA
TTACAATAAA
TCATTGTGTT
GACATCATTT
ACACGTAGAA
TTTTGAAAAA
AAGCCAGTTT
TTTGTGTGAT
AACATTTTTA
TTACACGTA⊆
CTTAAATTTA
TTCTACTCGT
CAAATGACAT
AGTTTTCAAA
CACATAACTA
AAATAAT
AATTCTACTC
G TTGAAAA
AAACCGAGTT
CATCCCTTCA
AACAAATCAC
TTAACGTCCA
TATTTTATTT  60
GTAAACCGAG ■20
ACAAATGACA ■60
TAAACAAATG 240
TTGTGTTTTA 300
ATCATTTCTT 360
CATCGTATTT 420
:き:ieXことき a」這Cと二&と呈三nE:!uence
Of hr■ of BmNPV.  EcORI COre
lr3
,GTAGAATCG
【TTTTATGTC
:AGAATTCTA
:TAACAATCG
:TACACGTAC
]TCGATTGTG
【TGACATCAT
,TTACACGTA
)AGTTTTGAA
'TAAAGCCAG
GゝAATTCTAC
:ACCCGTCGC
GATAAATTAT
AAAACAAAT
CT GTAAACC
TGTATAAAAA
AATTCTACTC
T TACACGT
TT TTTAAAT
GAATTCTACT
AA CAAATGA
TTCAGTTTTG
CGTAAAGCC
CAACACGGGT
ATTATTTGGA
GACATCACCT
GAGTTTAATT
TGACATCACT
GTAAAGCCGG
AGAATTCTAC
TCAGTTTTGA
CGTAAAGCGA
CATCATCTTT
AAAAACAAAT
AGTTCAATTT
CTCCTCATAT
TA TTTACAA
TA GATTCAT
TGAAAAACAA
TTAATGATCA
TTCAGTTTTG
CGTAAAGCC
AA ACAAATG
GTTCAGTTTT
CGATTGTGTT
G CATCATCT
CAAAAACAA
GTCGTTTTGT
GA GATTCCA
A T AATCGT
ATT GTCATT
CATCATCTCT
AAAAACAAAT
A TTCAGTTT
ACATCATCTC
CAAAAACAAA
TTACACGTAG
TTTCATTGTG
ATG CATCAT
A T GTCATT
■02
TTGTATAAAC  60
GCGTTACAAG ■20
ATTAAACATG ■80
TCATTATGTT 240
G CATCATCT 300
CAAAAACAA 360
T GATCATGT 420
TGACATCATT 480
AATTCTACTC 540
TTTTACACGT 600
T AGACGTA 660
GCCTCTTTTC 720
「ig. V-3.  _Nuc■eotide
are under■ined.
s quence ofhr3 of BmNPV.  EcoRIcore sequences
hr4-■eft
ATTGTGTACA
AAGCGAGGTT
ATCATGTCCA
AAAGCCAGTT
GAATTCTACT
GTTTTACAAG
CAACGTGTAG
A TATGACT
T AATTACAG
AAATATGACA
CAGTTTTGAA
CG AAAGCCA
T AATTCTA
TATTTTTTAC
CA CGATCGA
C TGTCCAA
T TCCGACA
AAAACAAATG
GTTCAGTTTT
TGTAAAGC
AATATTTAAG
TCGTGCGTTA
AACATGACAT
ATTGTGTTTT
ACATCATCTC
GAAAAACAAA
GAGTTTAAAA
TGAAACATTA
CACGTACAAT
CATAACAAAT
ACAAGTACAA
TTGATTGTGT
TGACATCATC
ATTTTGTCAC
TCACTTCCAA
103
TTTACTCGTA 60
CATGTTTATA ■20
TTCTACTCGT ■80
TTTACACGTA 240
TCTCGATTAT 300
GT AATGAAA 360
TTTTGTC 420
hr4-right
TTAATAAACG
TTCAAAATTG
TGTCATTTTT
CAAGTTGATA
ATTATAAACA
TTAATGTATG
ACTTAATTTT
ATAAACGTGA
TAATGTATGA
TTTGTGTAAA
ACACGATCAC
TACATAATAA
AACTCCCTTT
G ACGTTATT
AACATGATTA
TGTTTAAACA
ACTCATTTGT
CCAAGTTCA
T ATAACAT
CTCATTTGTT
AATGATGTCA
AG ACTTCGT
C CGTTTATC
ACGAGTATAA
ATAAACATGT
A GTATCACT
TAGTTCATTG
TGTGCGAGT
TAAACATGAT
AGTTCATTGA
TGTCCAAGTT
TGTACAAAC
AGTTGTATCC
GATACTCACA
TCTACTTGT
TAAACATAG
CA TTGTTTG
AACTTAATTT
TAATAAACAT
TAGTGTATGA
ACTTGGTTTT
AATAAACGTC
TCGCTTTACG
AAAATTGTTC
TTTCATTTTA
AAAACACAAT
TGCATTGAAC
TGCAAGTTAA
TTGCAAGTTG
GTTTAAACAT
CTCATTGTTT
TCCAAGTTGA
ATTAATATAT
AGTAGAATTT
AACGGCTCTT
TCATTCGTTT  60
CGAAAGATGA ■20
TTAATTTTTG ■80
TAAACGTGTG 240
ATAAACATGA 300
AGTTCATTGA 360
GTGCAAGTTA 420
TAAACACCAT 480
G TCATATG 540
ACGTGTAAA 600
TG TAATGTC 660
Figo v-4。  Nuc■eotide sequence of hr4-left (top)and hr4-right (bottOrn)
of BmNPV.  EcoRI core sequences are underlined.
hr5
ACACTCAACA
TATTATTCTT
ATTTGAGATG
CGAGTAGAAT
TCCACACGGC
AAGAAATGAT
AAAATCGAAC
TCATTTGTTT
CAAGAAATGA
TACAATTCTA
TTAAGAAATG
TGTAAAACAC
TGAACTGGCT
GTTATAAAAA
AGTAAAATTC
TTGAATCGAA
AAAATGTAAT
TGTCATTCCT
ATGTCATTTA
TCTACTTGTA
TCATAACCGA
GTCATTTGTT
TTGATTTACG
TTCAAAACTG
TGTCATGAGG
GTGTAAAAC
ATCTCATTTG
AATCGAAAGG
TTACGAGTAG
TAAAATTGAT
TACGCGTAAA
CGGACGTTAT
T AGACATG
TGATTGTGTT
G AATGATG
ACGCACCATC
ATTCGTTTTA
TTGCAATATG
GGCAGAATTC
AACTCGCTTT
T ATGTCATT
CCGATCAAGA
TTTCAAAA
T ATGTCATT
AATTCTACGT
TCATGTTTT
ACCCGATTGA
GGAATTGTAT
sequence of
ATTAAATAAA
TTACGAATAT
TCATTTGTTT
AGGTATGAAT
CG GTAGAAT
ATATCATACA
TACTTGTAAA
ACGAGTAGAA
TGTTTTTCGA
AATGATGTCA
CTGAACTGCC
TGTAGAATCA
GTAAAACACA
CCACACGGCT
A TTAAATA
AATATTAAAT
TGTTAAAATT
AATTCTACTC
TTCAAATTGA
C AACCTGA
TCTACTTGTA
ATATCACTCA
GCACAATCAA
TTCTACGTGT
AACTGAACTG
TTTGTTTTTC
TTTACGAGTA
TGTCACTTGT
ATCAAAATAT
CATAACCAAC
ATTTATTTGC
ATCCAATCGA
104
TATTCCCTAA  60
G AACGCAAG ■20
ACTGGCTTTA ■80
TGTCATGGTT 240
ACCCACAATC 300
TTTGTTTTTC 360
AAAAATGATG 400
AAAACATGAT 480
GCTTTACGAG 540
AAAACTGAAT 600
GAATTCTACG 660
TTTTCAAAAC 720
G GTCATTT 780
TCGCTTTACG 840
AAGCTATACG 900
TCCAACAAAT 960
core sequencesFig. v-5。  Nuc■eotid
are under■ined.
hr5 of BmNPV.  EcoRI
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sequences of each hr region were conserved (Fig. v-7).
Sequences (28 bp) flanking the core EcoRI site fo.lued a
palindrome in all cOnserved consensus regions (Figo v-8).
This palindrome motif was highly conserved with a maximun of
only one or two nucleotide mismatches.  Furtheilllore′ the
mismatch(s)Was alWays found at the same position(s)Of the
palindromes, i.e., 7 and/or 8 bp tO the left and/Or right Of
the core EcoRI (Fig. v-8).  ThiS Characteristic was the same
as that observed in AcNPV (CuarinO et a■.′ ■986).  HoweVer′
one―third of the mismatched bases ■n the pa■indrolne were not
the same as that found in AcNPV.  Furthe.ェllore′the
palindrome of the BmNPV hr4-left region was perfect (withOut
mismatch), perfect palindromes were not found in any AcNPV
hr regiono  As hypOthesized by Guarino et al. (■986),
In■smatches ュn the palindrome motif seemed to offer some
functional advantages.  Recently, this palindrome motif of
AcNPV was shown to have the ability to bind a specific
prote■n by gel retardation assay.  The binding prote■n has
been speculated to be IE-l by carson et al。 (■99■)Or a hOSt
protein by Yo Hashimoto (persOnal communication).  The
existence of mismatches at different nucleotide positibns in
the palttndrome will change binding affinity slightly so that
the function of each hr region can be differentiated.  Also′
a functional direction (e.go CiS―activation of genes 10cated
only one side of the palindrome)can be generated.  Repeated
sequences have an enhancing function that can cis―activa e
delayed―arly genes′ e.ga the p39 gene, however, the
■08
(A) hr■
hr2■
hr2r
hr3
hr4■
hr4r■
hr5
?
?
?
?
?
??
??
?
??
??
?
??
??
?
??
??
?
??
??
?
??
??
?
??
??
TTTACACGTAGAATTCTACTCGTAAA
TTTACAAGTAGAATTCTACTCGTAAA
TTTACGAGTACAATTCTACGTGTAAA
TTTACGACTACAATTCTACTTGTAAA
TTTACACGTACAATTCTACTCGTAAA
TTTACGAGTAGAATTCTACTTGTAAA
TTTACACGTAGAATTCTACTCGTAAA
TTTACAAGTAGAATTCTACTCGTAAA
TTTACAAGTAGAATTCTACTTGTAAA
TTTACAAGTAGAATTCTACTCGTAAA
TTTACGAGTAgAATTcTACtTGTAAA
TTTACCAGTAGAATTCTACTTGTAAA
TTTACGAGTAGAATTCTACGTGTAAA
TTTACGAGTAGAATTCTACGTGTAAA
AAACATAGTTCATTGAACTTAATTT
AAACATGGTACATTGAACTTAATTT
(B) hr4r2
Fig. v-8。  (A)ComparisOn of the pa■indrome motifs ofthe indicated hr regions for BmNPV (Bm)and AcNPV (Ac).
Bo■d characters indicate mismatches in the BmNPV
palindrome motif.  underlining indicates mismatch
between the BmNPV and AcNPV palindrome motifs.  smal■
characters ェndicate one of two nucleotides poss■ble.
Al■ mismatches were found either 7 and/or 8 nuc■eotides
to the left and/or right of the core EcoRI motif。  (B)Comparison Of newly identified pa■ndrome motifs in the
hr4-right regions of BmNPV and AcNPVo  Mismatches were
found 7 to 9 nuc■eotides to the left and right of the
center′ ‖T‖′ Of the BmNPV palindrome.  see (A)for bOld
and underlined characters.
?
?
?
?
?
■09
■ocation of de■aye  ear■y genes dOes not a■ter ■ts enhanc■ng
activity (Guarino et al.′ ■986).  ThiS enhancing activity
was activated in the express■on of th  IE―■ gene product
(Guarino et al., ■986)
Cuarino et al. (■986)have ShOWn that homologous
repeats have po■rity   when the pO■arity of the BmNPV hr
regions was examined by the Harr plot analysisr five of the
s■x hr regions of BmNPV had the same po■ar■ty to the
corresponding AcNPV hr regions (Guarino et al.′ ■986).  When
the consensus sequences of the seven BmNPV hr regions were
compared to each other after or■enting them to the same
po■ar■ty, 97そ sequence conservation was observed.  The
consensus sequence for all hr regions is shown in Fig. v-7.
When this BmNPV hr consensus sequence was compared to the
AcNPV hr consensus sequencer after or■enting them t  the
same po■arity′ they showed high sequence conservatiOn (92猪)
in the region 80 bp flanking the core EcoRI site (Fig, v-7).
Harr plot ana■ysis showed ■2 of ■5 nucleotides were
identical between the BmNPV and AcNPV hr■ core sequences
(Fig. v-9A).  Harr p■ot na■ysis a■so showed the BmNPV hr■
and AcNPV hr■ had 7 and 5 repeats′spective■y  each
show■ng high hOmo■ogy.  The two extra repeats ■n BmNPV hr■ァ
were consistent with the ■80 bp■Onger■ength of BmNPV hr■
and the two extra EcoRI s■tes f und in BmNPV hr■.  sequences
flanking the BmNPV and AcNPV hr■ regions contained no
homologous repeats′ however, they showed high homology as
indicated by arrows in Fig. v-9A.  When the flanking regions
■■0
BmNPV
31日D
1900
?
?
?
?B
?
?
?
??
990
?
?
?
?
?
29日
990
Fige V-9。  (A)Harr p10t analysis of the hr■ regions of
とEもことngngfBRど辞と↓ ai:)BI鳥吾零.p10t analysis of the hr2-left(C)Harr p■ot analysis of thehr2-right regions of AcNPV and BmNPV.
か＼ 、  、  .  、 も  、 、  、・   ｀   ・
ミ 苺:苺さ苺i苺ミ＼ミ
トも＼＼、卜、＼＼くト
中 、 ＼ .・ L＼ .＼ド
ヽ ＼ ＼ ＼ ヽ ＼ ＼ ＼ ?、????
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…??
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?
?
?
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?
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…
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of hr■ of BmNPV and AcNPV were compared sequences 246 bp tO
the ■eft (upStream in the physica■ map)of hr■( Ontaining
hr and f■anking sequences)were 88。4猪 identica■ when
deletions and insertions (■4 bp)were excluded, and 83.4そ
identical when inc■udedo  Sequences 353 bp tO the right
(dOWnStream)of hr■ (COntaining hr and f■anki g sequences)
Were 95。4そ and 90.4名 identica■ excluding and inc■uding
de■etions and insertions′ respective■y.  Both f■anking and
hr sequences possessed similar mismatch ratiosr indicating
the mutation rate of these areas was simi■ar.  Mismatches
were presumab■y accumulated during evo■ution by random
mutations′ i.e. sma■■ (a few bases)deletions or insertiOns。
The two additional repeats in BmNPV hr■ ind cated that the
insertion of repeated sequences cou■d occur more frequently
■n hr regions than in non―hr regions.  It is of interest to
note that AcNPV hr■ had a 50 bp sequence near ■ts nt r
having no apparent homo■ogy to other hr regions of BmNPV and
AcNPV as indicated by the discrete lines in Fig. v-9A.
Hr2-■eft and hr2-right of BmNPV′ are separated by the
O.9 kb EcoRI P fragment.  AcNPV seems not to have the same
sequence corresponding to hr2-right of BmNPV as specu■ated
by the lack of EcoRI sitese  when the number of repeated
sequences of BmNPV hr2 and AcNPV hr2 were compared′ AcNPV
hr2 has 8′ whi■e′ BmNPV hr2-left has 5 and BmNPV hr2-right
has 3 (see Fig. v―■B). Flanking sequences to the left side
of AcNPV hr2 and BmNPV hr2-left showed homo■ogy as indicated
■■2
sequences of each hr region were conserved (Fig. v-7).
Sequences (28 bp)f■anking the core EcoRI site formed a
palindrome in a■l cOnserved consensus regions (Figo v-8)。
This pa■indrome motif was highly conserved with a maximum of
on■y one or two nuc■e tide mismatches.  Furthermore′ the
mismatch(s)Was a■Ways found at the same position(s)Of the
pa■indromes′ i.e.ァ 7 and/or 8 bp tO the ■eft and/Or right of
the core EcoRI (Fige V-8).  ThiS Characteristic was the same
as that observed in AcNPV (Guarino et a■.′ ■986).  HoweVer′
one―third of the mismatched bases in the pa■indrome were not
the same as that found in AcNPV.  Furthermore, the
palindrone of the BmNPV hr4-left region was perfect (withOut
mismatch)デ perfect palindromes were not found in any AcNPV
hr regiono  As hypOthesized by Guarino et a■. (■986)′
mismatches in the palindrone motif seemed to offer some
functiona■ advantages.  ReCently′this pa■indrome motif of
AcNPV was shown to have the ability to bind a specific
protein by gel retardation assay.  The binding protein has
been speculated to be IE…■ by carson et a■, (■99■)Or a hOSt
protein by Y. Hashimoto (persOnal colnmunication).  The
ex■stence of m■smatches at different nucleotide pos■tions ■n
the palindrome wi1l change binding affinity s■ight■y sO that
the function of each hr region can be differentiatedo  Also′
a functional directiOn (e.g. CiS―activation of genes 10cated
only one side of the palindrome)can be generated.  Repeated
sequences have an enhanc■ng function that can c■s―activate
delayed―ear■y genes′ e.g. the p39 gene′ how v r′ the
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Fig. v…■■.  (A)Harr p■Ot analysis of the hr3 regions of
AcNPV and BmNPV。 (B)Harr p10t analysis of the hr4-left
regions of AcNPV and BmNPV oriented in the same direction.
(C)Harr plot analysis of the hr4-left regions of AcNPV and
BmNPV or■ented in the opposite direction.
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AcNPV had 3 and 2 repeated sequences′ respectively.  when
both hr regions were ana■yzed by the Harr P■ot na■ysis
program′ they shOwed re■ative■y ow homo■ogy (Fig. v―■■B).
However′ they showed high homology when they were compared
in the same orientation (Fige V―■■c)′ i dicating that this
region was inverted between BmNPV and AcNPV.  Since
information of the f■anking sequence of the hr4-■eft region
AcNPV isi¬ot avai■ab■e′ analysis of the f■anking sequences
of hr4-left of BInNPV and AcNPV was not possible.
As described above′ hr4-right of BmNPV had no EcoRI
sites′ however, two consensus core hr sequences were found
by homology sequence search.  Two sing■e nuc■eotide
substitutions in the core EcoRI mOtif from GAATTC to TAATTC
and GAATT里 (indiCated by E★ in Fig. v―■B)were fOund in both
BmNPV core sequences.  The two core sequences were found at
the enss of hr4-right in BmNPV (indiCated by the cross―
hatched bar in Figo v―■B).  BetWeen these two core
sequencesァ four repeated sequences each about 9o bp long
were identified (indicated by the solid black bar in Fig, v―
■B)。  These repeated sequences had no apparent homo■ogy to
other hr sequonces′ howev r the center of these repeats
possessed inverted palindrome motifs (Fig. v-8).  Fig. v―■oB
shows a schematic drawing of hr4-right (four repeats
surrounded by typica■ hr sequences)of BmNPV.  AcNPV hr4-
right had a sing■e repeat between the f■anking repeated
sequences having high hOmo■ogy to the middle four repeats of
BmNPV hr4-right (Fig. v―■2A).  ThiS region in AcNPV was
■■6
BmNPV
4700 - 5400
?
?
?
??
418
670日
?25
ア
Fig. v―■2.  (A)Harr p10t analysis of the hr4-right regions
of AcNPV and BmNPV.  (B)Harr p■Ot analysis of the hr5
regions of AcNPV and BmNPV.
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character■z d as a nonhomologous insertion between hr
sequences and cOntributed to the ■ow sequence omology (64殆)
Of hr4-right when compared to the other hr regions (80-87猪
)
(Guarino et al.′ ■986)   The fOur repeats of BmNPV hr4-right
were presumably generated tandelnly from the repeat un■t
found in AcNPV hr4-right during its evolution.  This newly
■dentified repeated sequence motiff was not found in a
search of other areas of the BmNPV genome by homology
search.
Harr plot analysis showed relatively high overall
sequence homology between the hr5 regiOns of BmNPV and AcNPV
(Fig. v―■2B)。  BmNPV hr5 is the largest hr region of BmNPV
and possessed two more repeats than the AcNPV hr5 region.
F■anking sequences both to the left and right of hr5 were
also conserved′ indicating the importance of hr5 and its
flanking regions.  This region contains the p35 and p26
genes to the left and right sides of the hr′ respectively,
in both BmNPV (unpublished observations)and AcNPV (Friesen
et al.′ ■986, Liu 皇生 al., ■986).
When sequences (apprOx. 80 bp)flanking the core
palindrome motif were compared′ high sequence conservation
(arOund 92名)was ObServed.  The conservation rate was
sinilar to that calcu■ated for regions flanking the hr
regions.  These values were also very similar to rates found
in other regions of the baculovirus genome such as the DNA―
binding protein (96そ, Maeda et al.ァ ■99■)。  On the other
hand, differences in the number of homologous repeats
■■8
between the corresponding hr regions, indicated that
sequence duplication or deletions occurred much more
frequently in hr regions.  These types of mutations were
probably generated by the fo■lllation of ■oops and homologous
recombination between ■ooped DNA regiOns as was probably the
case in hr2 of BmNPV.  Simple duplication was also
■dentified in several regions of the baculov■rus genome and
seemed to occur relatively frequently, e.go repeat of a 30
bp fragment in the basic DNA binding protein gene of BmNPV
(Maeda et al.′ ■99■a)′ ■6 repeats of 48 bp in the gene
encoding the polyhedron envelope protein of AcNPV (Combart
et al, ■989).
In general′ the corresponding hr regions between BmNPV
and AcNPV were re■atively conserved in the■r sequence′
polarェty, and location.  On■y hr4-left of BmNPV and AcNPV
showed different polar■ties.  Fron deta■■ed sequence
analysis, BmNPV hr2 Seemed to have evolved from an ancestor
having a sequence similar to AcNPV hr2 by partia■ inversion
and recombination.  Gene invers■on was also eported in the
polyhedrin gene of Q. pseudotsuqata.  However, since the
overall gene arrangement of baculovirus genomes is
conserved′ gene rearrangement seerns to occur ■nfrequently
and only in linited areas.  The difficulty of gene
rearrangement is also supported by the fact that there is no
ev■dence of gene rearrangement in two regions that were
examined between the hr regions, e.g。′ between hr■ a d hr5
and between hr2 and hr3.  Baculovirus may also have
■■9
suppressive mechanisms tO b■ock ■arge inversion by
recombination which cOuld cause gene rearrangements.
A new type of repeated sequence was found in the hr4-
right region of BmNPV.  The newly identified repeated
sequence had no apparent honology to previously identified
hr sequences, however′ it possessed a core palindrome motif.
The structure of these hornologous repeats, four sim■ar
repeats surrounded by two different repeats, is very
interesting′ however′ its function ■s yet to be ■dentified.
The real function of the hr regions in the baculov■rus
genome are still unclear.  Originally hr regiOns were
speculated as sites for the initiation of replication (Kuzio
and Falkner, ■984)。  Recently′ Guarino et al. (■986)have
shown them to be regions enhancing c■s―activation of delayed
ear■y genes by binding the transactivating product of IE―■
onto its core palindrome.  we are currently attempting to
inactivate one of the hr regions by insertion of the beta―
galactosidase gene and examining its activityo  Detailed
comparison of this mutant lacking an hr region with wild―
type virus will help reveal the true function of this hr
region.
2. Nucleotide sequence analysis of thQ 8Q,3 and 99.6 map
unit fraqment of the BmNPV qenome.
sequence ■nfo.lllation at the nucleotide level is
essential for molecular biologica■ study of baculoviruses.
The entire sequence of the ■5.5 kb HindIII c fragment (86.3-
■20
99.6 map pOsitiOn)Of the BmNPV genome was sequenced by the
dideoxy sequencing procedure as descr■bed in SectiOn III and
IV.  Initially′ the ■5.5 kb HindIII c fragment was digested
into four fragments7 tWO HindIII―Pstl fragments′ and two
PStI デragments (see Fig. III-6, V■3A)and subC■Oned into
plasmゝds.  After obta■ning sequence data for both
dttrectiOns′ the entire sequence was melded by the combining
program of DNASISo  The nuc■eotide seq ence of HindIII c is
shown in Figse V―■4.  This HindIII fragment was found to be
■6,945 bp 10ng by direct sequencing rather than ■5.5 kb
which was initially speculated by ca■culation from its
mobi■ty in an agarose ge■ (seCtiOn III).  The ■.4 kb
difference was partia■■y due to the poor separation of
fragments over ■o kb in ■e gth in agarose gels.
Furthermoreァ wh n the initial HindIII c fragment map was
constructed by summing the s■zes of maller fragments of
which it is composed, several repeated sequences conta■n■ng
EcoRI s■tes were not proper■y accounted for espec■a■■y in
the ■ kb ■ong hr■ egion (See section lv)″ whiCh is fOund in
this fragment.
When the entire sequence of the HindIII c fragment was
analyzed by the Harr p10t analysis program′ one hOmo■ogous■y
repeated sequence was fOund as described previously in this
section.  The remaining sequence was most■y unique and
contained ■2 open reading frames (oRFs) (of mOre than 500 bp
in length)and their flanking sequences containing putative
promoters and poly (A)+ signals.  TO cOnfirm the trans■ation
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of these open reading frames, direct detection of
trans■ational prOducts ■s necessary.  HOwever′the
probabi■ity that these regions are transcr■bed nd
trans■ated can be specu■ated using information accumu■ated
from previOus studies of bacu■ov rus gene expressiOn (see
Blissard and Rohrmann, ■99o).
The 12 0RFs found in HindIII c were ■n■t ally cOmpa d
w■th genes found in a part Of the cOrresponding region in
the AcNPV genome that has been sequenced previOusly (Fig.
■3B).  High■y cOnserved open reading frames corresponding
p74′ IE-0, IE―■, IE―N′ PE-38 of AcNPV and an open reading
frame designated oRF■2 in BmNPV were identified.  The
positiOn and directiOns Of the correspOnding genes between
the BmNPV and AcNPV genomes were the same (Fig. v―■3B).  All
sequences were genera■ly co served between BInNPV and AcNPV。
However, the Outside open reading frames were less cOnserved
and de■etions and insertiOns were fOund in these regions.
In the coding regions of IE―N and PE-38, there were 96 and
5■ bp de■etions and insertiOns′ respective■y.  Amino ac■d
sequence homO10gy between the′ p74′ IE-0, IE―■′ IE―Nァ and
PE-38 genes shOwed 9■.5そ′ 96.8そ′ 94.5そ, 72.8そ, and 86.■そ
■dentity′ respective■y.  These results indicate high
conservation of gene structure between the twO v■ruses.
These six BmNPV genes weとe cOnsidered tO be active■y
transcribed and translatedr since transcriptiOn and
translation Of the cOrresponding genes in the AcNPV genome
have been confirmed.  when the 5′ flanki g s quences of the
??
?
?
?
?
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proposed translatiOnal start sites were analyzed′ 8 open
reading frames had a typica■ ■ te gene onsensus sequence
(ATAAC)for transcription within 200 bp Of the proposed
trans■ational signa■′ (information for the 5′lanking
sequence of oRF■2 was not avai■ab■e).  oRF6ァ IE…■, and IE―N′
did nOt cOnta■n a late gene transcriptional cOnsensus
sequence′ hOwever, IE…■ and IE―N pOssessed consensus early
gene promoters of bacu■oviruses, ioe.′ the TATA box ■ocated
2■-25 upstream of the cAGT motif (marked by #斗キ# in Fig. v―
■4).  In addition′ IE-O and PE-38 a■so had this consensus
sequence for ear■y gene expressiOno  only oRF6 had neither
early nor late gene consensus transcription sequences of
baculoviruseso  when the 3′ regions of the ■2 open reading
frames were exanined′p74, IE-0, ORF4, ORF6′ and ORF■■ had
no poly (A)+ signa■ (AATAAA)within 300 bp downstream of the
trans■ational stOp7 hOWeVer′ IE―O was shown to have a
spliced signal (identified by chisholm and Henner, ■988)and
ORF4 pOssessed many AT rich sequences in the 3′ f■anking
sequence, which might have a similar function as the poly
(A)+ signal.  From these results′ oRF6 seemed not tO be
translated since ■t had no early or ■ te gene consensus
transcriptiona■ start sequences′ and it was re■ative■y small
(605 bp).  oRF■■ pOssessed a short open reading frame (506
bp)and nO poly (A)+ signal.  The remaining ten oRFs were
most likely transcribed and trans■ated.
Ytth and Maeda have recently found that IE-0′ IE―■′ PE―
38, and IE―N of BmNPV are transcribed at an early (2 hours
124
post infection)stage Of infection (unpub■iShed
observations).  These ear■y g n s of BmNPV al■ had an ear■y
gene transcription consensus sequence and were ■ik ly
transcr■bed as early genes.  The rema■n■ng open reading
frames′ oRF2′ ORF3′ ORF4′ ORF5′ ORF8′ and ORF■2 were
cons■dered to be transcr■bed at a ■ate stage of infection。
When the putative amino ac■d sequence of these regions were
compared to amino acid sequences in GeneBank R68 (■99■)′
anino acid sequences with high holno■ogy were not f und.
When the nuc■eotide and am■o cd sequences of the s■x
gene areas between BmNPV and AcNPV hav■ng sequenc■ng
information were compared′ they showed relatively ■ow
differences ■ndicating the ■mportance of the am■no ac■d
sequence of p74′ IE-0′ and IE―■.  The numerous ■nsertions
and de■etions observed outs■d  these genes suggest that most
areas outs■de ■im■ted sma■l regions′ such as promoters and
po■y (A)十 signals, are not important in the viral genome
construct。
■25
AACCTTTTCAATTCCATTCACACCCTCGTCGTCGTAAACCCACTTCCAACTAAATAAATCCTTTTTTTTTAAAATAACAAATCAATTCTT
士  F  L  L  D  I  T
TTATAATATCCGTACCATTCTTTCACTATGTAATAAAATGTAATCATTACCAACATTACCAAAAATATAAAAAATATCACTTCTTTGTGT
K Y Y G Y S E K V I Y Y F T I M L F I V F F I F F I L Q K H
ATAACAAATCCTCTAAACCCCACAATTGTCTTTCTTGCAAACAAACCCATTATTATTTCATTAAAATTGTTGTTTTTTTTCTTCATACAC  270
l VF A T FAV I T N T AF L GM I I QNFドヽN N K K N M S
AATATTCTGTTTTCCCTAAACGTGTACTCCATAAACTCCATGCGACTCTATACCCACCTAGTCCCTAACCCTTTCCCCACCAAAGTACAT  360
L I T N QRF T Y QMF E MR T YL S S T AL AKGVL T S
TCGTCAAAATCCTCAATTTTATCACCCTCATCCAATTTTAACATTTCCCCCTCCCAATTAACTTCTAAACATCTCACATAATTTAATAAA  450
E D F D E I KD G E D LKL MQGD S NVE L S T VY N L L
TCAAATACACATTCAAACGTACCTTTATCGTCCCTTTCGACCATATCCCAAAACAATTCCCCCATAAACTCTATCATTTCTCTACACCTC  540
H F L S E F T A K D D T E V M D S F F E P M F E I I E R S T
CTCTTCTCTAAACTTTCAAACTATCCAGTCACCAACGTCCCCGACATCTCGTCCCCAAACTCCCCCCCAAACATGTTGTTCTAACCCAAC  630
T N D L S E F Y A T L F T R S M D D P F E R P F M N N Y G F
CCGTCCCATACCCCCAAAACCAAATCTCCCACCCTCAATAAAATCACCACAATCCCCATCACCCACCTCCCTTTCATACCAATTCGACTT  720
P D‖L A L V L D A L T L L I L V I G I W S S A K I A I R T
AACCCTTTCCCACTCCTCCTCACCGTTTTCATCCCAATCCCGTTCAACCACTCCACTATCCCCCCTTTCTAACTCTCTCCCAACATCCCC  810
L A K A T T T L T K I A I A N F S H V I A A K Y T E C L I R
CCCCTCACCCCCCCACTCCTCCTAACCAACATCCCTTTCAACCCCCCAATCACAGTAGTCTTAATTTTTTTCAACATCCTTTTAAACCCG  900
A T V R R T T S V L M R K L A P I L T T N I K K L M S K F G
GACATTACCATCTCAAACCCACCGTCCCTACCAATACCCAAAATCATCCCCTAATCTTCCAAAAACTTTCTTATAATTCACTCCAAATCT  990
S M L M E F C A D T A I G F I I A Y D E L F K T I I S E L D
TCCTCCCTCATTCAACCCTCGACCCCCTCAAAATCTTCCACATGTACACCTTCCCTACCCCCCTAATTCTATCTCATCCCACTTTTACTA 1080
Q D S I S R D L A E F H E V H V R E T G R Y N Y T I P T K T
AACCCCGTTTCC93CCTGTACCTCATCTCCAC03CCCACCCCTCCACAATCATCCCCAAATCGTTTACTGTTCCCCTTTTCCTAAAAAGT l170
F C T E A T Y T I Q V P S G D V I M C L D N L T P R K T T L
TTTTCAAATTCCAACTCTGTAGTCCTATCCCCCACCCTCCCCCATTCCCCTAATATTCCCTTCCACTCCACGTTCCGTCCTCCCCCTAGT 1260
KE F E L D T T T D RW S RHQAL I AN S DV N PR P P L
ATCCTCCAACCCCCTCTCTAATCAAAATTCCCCAATTCCCTAAAAACCTTCTT033CACCATTTTGAAACTCACAACAATCGTCTCCCCC 1350
1 S S P A R Y D F N R L E S F V N N A L M K F T V L I T D G
ACCACCAATCCCACCACCCATTCCCACCATCTAAACCAACACCCCCCCTTCAATACATTTCTCCCCAATCCTCCACACTACCCTTCCTT6 1110
L V F C V L S E W H R F S C C C N F L N R C F R R C Y A E N
Fig. v―■4.  Nucleotide sequence of the ■6.92 kb HindIII C
fragment of BmNPV (86.3-99.6 map units).  The deduced amino
ac■d sequences of the open reading frames are ■ndicated
be■oW the nuc■eotide sequences.  The twe■ve open reading
frames are named in the parenthesis.  Asterisk (★)indicates
stop codon.  The arrOw ■ndic tes the direction of
transcription.  Dots (.・・・・・)indiCate po■y (A)+ signa■.
ASterisks (★★★★★)indicate late gene consensus sequence,  The
number symbo■s (#斗# )indiCate early gene consensus sequence,
■26
AATTCCCCTTTAAACCCTTCCCCAAACAACCCATCCCCATCCCCCCCAACGTTAAAACCCGGCACATCCTCCACCCCCATCATCGTCTCT 1530
F E C K F R E P F L P D P D P R V N F A P V D D V G M I T H
TCTTCccTccCCAACTATCGCCTCTTAAACTACATTTTCGACACCCACTCCACCAACATCCATCTCTTCTCCCCCGTGTATCTAAACTCC 1620
E E T R L Y P S N F Y M K S L S D V L I C R N D P T Y R F E
CCACACTCAACTTTATTTTCCCCGCCTTCACCCATCCCCCCCCCCCTCTCCAAATCCTACCACCCTCCCTCCCCCTAACCCACTCTACTC 1710
ASQVKN EACERMAAARDLHYCAPQAYGVR T
TCTCACGTCTCCGTCTACATCAACCGTCTCCTCTTCCACACCACTCCCCTTTCCTCAAACCCATACCACCTCATCCTTTCCCACCCCCCC 1800
ES TQT YMF PT T N SVVGTE HF PYC SMS E CCR
TTCCTCAAACTCAGTTTCACCCCCACCCCTCTGTCCCCCAATTTCCCCCCCACATAATAATCGTCGTCACTTCACCCCCCACCCAACGTG 1890
S A P R L T Y D I L I H P F R T R W R S I F E L R H M H I A
TACTCCATCACTATATCCCCAAACCTACTCCCCCATCTCCAAATAAACTCCACACCATCCATATGTATCCCATATCTACTCCCATTAGTT 1980
K S F T L K V A L A R D A L K P P V Y Y D D D S Y R S A N T
AAATCCACCCCTCTTAACACCCCCATGTTATATATCACTTAAATTAAACAACCATAATAATCAAATATTTATTACATTATACTATAACAA 2070
L D V A T L V A Mく――(P71)
TACATTTCCATTTATTATGATTATATTATATTTCCATTTATTATAACAATTACATATCACCAACCCCGTCGTCACCACCCCTCTACCTCT 2160
AACACCCTCCTAAAAACATACCCCCATACACTCCTTATTACCAAATCACCCCTCATTCAATAACCATACATTTTATTTACACATTCTTCT 2250
士  v  N  N  N
TTACAATATTAATTAACTTTTTATACATTTTTAAATCATAATATATAATCATTTCCTTCTCCATTTCAAACTTTTTCATCCCTTTACAAT 2340
V I N I L K K Y M K L D Y Y I I M E N H M E F N K I A K S Y
ACTACACAAGTTTACACTATTCACCAAAATCATAAACCTTCCTAAACCCCCATTTCCTACAATATAACACCGCATTTTTATAATACACTT 2430
Y V L K S Y E P F H Y V N T F C C K T C Y L V P N K Y Y L K
TACTTTTTTTACACAATTTCCAATAATTCTTAATTCTACCTCTCCAACCAAACCTCATTCCCCCCCCCTCCAATACCTCCGTAAATTTTT 2520
T K K C L K C Y N N I T P R S P F T I A C C D L W E T F K K
TCACTTTAACAGTCCCAAACACCGTTCCTTTCATACCCCAAAATCCCTTGTCTTCCACACCCCCCATCATTTCCCTTCGCTCTTCAACTA 2610
VKVT AFV T CK I C S F RN D QL AAMM E S P E Q L I
TAAAACAATTAACCTCCTCCCCCCCCTCCCGTCTCGTCCACATCCTTCCGTACCCCTCCAACACTATATTCCTCTACCTTTCTCTCACAA 2700
F C NVD D AAD PR T CM SRYRQ LV I N T Y T E R L V
CCACACCCCCCCTCCTCCTAACATCCATCGTTTCAATCCCCTCCTTCCCCTCTTTCTCATTTCCAATTATCCCCCTAATTATTTCAAACA 2790
LCCT T SLD I TQ I RE N PEKH NR I I RR I I E F V
CTTTCCAATTCTCATCCTCAATTTTCAATTCTTTAACTTCCGTCGTCTCCTCCAAACTTACttSCCAAAATCTATTCCTAAAAAAACCTCT 2880
KCNHD D IKL EKVE T THEL SVPF I YQYF FRE
CTCTCCCTAAATACCTCACCTCCACCAAATTCATACAAGCATATATTTCCTACCACGTCTTTCCAACCTTCTCATATACATACCATTTTT 2970
RA L Y S L D VL N I S P Y I E Y S T K PV N H Y L Y C KQ
CACACCATATGTCTATCCCCTCACAATCGTCCAACCCCTTTTCCATGTCAACCACAACATACAAAAACCATCCCCCCCTCTTCTCTTTCA 3060
C C I D I R D S D D L P K E I H V V V Y L F W A R T N D K F
ATCTATAATTCCAACTCCTCCATCCCCAATCCCTCATCTCCTCCTCCCTACTCTTTTTCTATTTTACACAACTCCTTCCAAATTTCCCCG 3150
RYNC T TCRS D SMHQE T TKK YKW S S SAF KCT
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TCATCCCCATATCTTTACTCTTTATATAACCCATAATGTAATTCCTCCAAAATTTTACCGT033TTTCATCATCTTCCCTTCTAAATCCC 3240
M R M D K S N I Y C M I Y N T S F K L T A K M I N R E L D S
TCATAAAATCCATACCTACATCACCCTCTTCTTTGAAATCCACTTTCTCCCTGTACCC―AAACTTTCCAATTTGTTACCAAACTCCC 3330
M F■MRL DRE QKF D LKD S Y A PL S E L KNG F E P
CCGGCACAAAATATCCATCTTTTCTCTTGACCACTCGTTTTTTACTTACAATCCTCCTCCTCATGCTCCCCTCCAACCCATTCGCCCAAA 3420
P V F Y G D K R N V V P K K S V I S S S I S R E L P N A S F
AACTCCCCGTACCCAAACACATCCCCCTACCTCCTTTCATCTTACATTTTCCCCCCTCACCAACACCCCACACCCCCGACTTCCCCACAC 3510
T R T P L S I R T P P K I N S K P P Q RV P S L P S N A V P
CCCTTCCCAAACATTTCACACCCCCCTTCCCACCCGTCTTTCCCCCGTCAAAAATGTTATTCTCTCCAAAAAAACGGTTCATTGTAACTC 3600
T  P  L  S  K  V  R  G  K  C  C  T  K  P  A  D  F  I  N  N  E  R  F  F  R  N  M  く――(ORF2)
TTCGTTACCACTCAAAAATCAACACAATACTCTCCACCTTCACCCATCCACACCCTTTATATACCAAAACCTTATCTATACAAATAAAAT 3690
平マト1111#ササ#
TGTATATCCGTACCACAGCCTCCTCACAA033ACTTTCCCCCCCACACTACCCCTGTCCACCCCACACCCTATATAAACCCCCTTTCTCC 3780
,H辟+
AACTCGTAAATCAGTATCCATTCTCTCACCCCCCACACCCTTCCTTCCCCCCTCCATACTATAACTCATTCATAACCACCAACCCAACAT 3870
(IE-0)――> M
CATAACAACCACCACTCACCTCCTCAACCTCCACCAAAATATAATCACGTCAAACTCTCCCTCATCCCCATATTCCTCCCACCCAACCTC 3960
工 R T S S HVL NVQ E N I M T S N C A S S P Y S C E A T S
CCCTTCCCCACAACCTCACCACCTAATCATTCATAACTTTCTTTTCTTTCACATCTACACCCCCCACATACAAATCCACCCAAACGTCCA 1050
ACAEAQQVM I D NFVFFIMY TAD I Q I D AKVQ
ATCCCCCCTCCGTTC033CCCGTTTCCAATAATTCACCATAAACATTTCCAAATCTACAACTATACAATACACAATAAATTTTTTTATTA ll10
C G V R S A A F A I I D D K H L E M Y K Y R I E N K F F Y Y
CTATCATCAATCTCCCCACATTCCCAAACCCCACCGTCTTCCCCATCACCACCCTCCCTCCTCTCACCATTTTATTTTCCATCCCCAACC 4230
Y D Q C A D I AK P D RL P D D D G AC C H H F I F D A QR
TATTATTCAATCTATTAAACAAATTCAACCCGCGTACGGCGTCCGTCATCCCCCCAATGTAATACTCTTTTATCCCTACTTCAAACACTT 1320
1 1 Q C I K E I E CA Y GVRDRC NV I VF Y P Y L K Q L
CCCACACCCCTTCAACCTAATCAAAAACTCTTTTCCGTCTTCTTTTAAAAATATAAATTCTATCCAAATGTACCTCAACCAGTTAATATC 有110
R D A L K L I K N S F A C C F K N I N S M Q M Y V N E L I S
AAATTCCCTCTTCTTTATTCAAAACCTCCAAACTATTAATAAAACTCTTAAAGTTATCAATTTGTTCCTACACAATTCCCTTTTCTACCA 4500
N C L L F I E K L E T I N K T V K V M N L F V D N S V L Y E
ATCCAATCTTTGTAAACAAATATCTACCCATGAAACATTTTTAAACCCAAAACAACGTCCCCAATACCCTATATCCAACCCCTCCTCCCT 有590
C N V C K E I S T D E R F L K P K E R R E Y A I C N A C C V
TACCATGTCCAAAACCCCCACCACCCACCCAAAGTGTCCACCCTCCACCACATCGTATAAATAACCACCCAACCCAAAATCACTCCCCCC 4680
T M H K T A T T H A K C P A C R T S Y Kヤ(ORP4)――>M S C C
CCCAACTTCTTCACTCTCCAAACACATCATTTTAAATATTTATTTTTCACCACCTATTTTCATTTAAAACATAATCAACATCTTCCTTCA 4770
C N L L T L E R D H F K Y L F L T S Y F D L K D N E H V P S
GACCCCATCCCATTTATTCCCAACTATTTCAATTCCACCTTTCATTTCCTACACCATCCCCTCCTCATCAACTATTTCAATTACTTCCAA 4860
E PMRF I RN Y L N C T F D L L D D AVL MN Y F N Y L Q
ACCATCCAGTTCAAACATTTCCTCCCCACCACCTCCACAAACATTTTCAACTTTCTAAACCCACAATTTCCATTTCTGTCCAATCCCACA 1950
S M Q LKH L VC S T S T N I FKF VK P Q FRF VC N R T
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ACTGTCCACATTTTACAATTTCACACCCCCATCTACATAAACCCCCCCACCCACGTCTACCCCACCAACCTCTTTACCTCCAATCCTCGT 5040
T V D I L E F D T R M Y I K P G T H V Y A T N L F T S N P R
AAAATCATCCCTTTCCTCTACCCTCAATTTCCCAACCTCTTTAAGAATAAAATATTCCTAAACATTAACAACTACGCCTCCGTGTTACCG 5130
K M M A F L Y A E F G K V F K N K I F V N I N N Y C C V L A
CCCAGTCCCCCTTTTTTCTTCCACCACCCGTACCTCGATTCCAATCGTCTCCCAATCTCTCCCCCCCCCCCATTACATAACAACATCCAT 5220
C S A C F L F D D A Y V D H N G V R M C A A P R L D N N M H
CCGTTCCCATTGTATCTACTCGCCGACCACATCGCTAACCACTTTGTCCATAATAATATACTACCCCCCCACCCTTCTAACCCAAACACT 5310
P F R L Y L L G E D M A K tt F V D N N I L P P H P S N A K T
CCCAAAATCAACAATTCAATCTTTATCCTAAAAAACTTTTACAAACCTCTCCCCCTGTTTAAATTAAACTACACCGTCCTCAACACCACT 5400
R K I N N S M F M L K N F Y K C L P L F K L K Y T V V N S T
AAAATCGTCACCCCAAAACCCAACCATATATTTAATCAGATACATAAACAATTCAATGGCAACTCTCCCTTTATCAAGTTTATTCACCCC 5190
K I VTRK P N D I F N E I DK E L NG N C P F I KF I QR
CACTACATATTCCACCCTCACTTTCCCCCACATTTCCTTCATCTCCTAAACCAATACATCACCAAAACCTCCATCATCAAAATAATTACC 5580
D Y I F D AQ F P P D L L D L L N E YMT KS S I MK I I T
AACTTTCTCATTCAAGAAAACCCCCCTATCAACCCTCAAATGTCTCCCCACATTATTCTTCATCCCTACTCCGTACACAATTATCCCAAC 5670
K F V I E E N P A M N C E M S R E I I L D R Y S V D N Y R K
CTCTACATAAAAATCCAAATAACCAACCAGTTTCCTCTCATCTATCATCATCAATCCTCCTACATTTTTCTCACCAAACACATTTTCCAA 5760
LYIKME I TNoFPVMYDHESSYIFVSKD ILQ
TTCAAAqACTATCAACCCGTTCTACCCCCCCAACCACCGTATATTAAGTATTTT9SCTATAAATCCTTTGTTTCCCCCCACCCAAACT 5850
L(C TMNAF Y A PKQR I L S I L A I NR L F GA T E T
ATCCACTTTCATCCCAACCTCCTCCTCTACCGCCACACTTCCCCCCCCCTCCCTTTCAC―ACGTG AT TT TT A AA AACG A 5940
1 D F I P N L L V YRQ S S P PVRL T C DW Y VV DKN E
AAAGTTTTTTTACTCAAACACGTGTTCTCAAACACCCTCCCTCCATATCTTTTAATAACACCTCATTACCAAACTTCCTCTCACTTCAAA 6030
K V F L V K H V F S N T V P A Y L L I R C D Y E S S S E L K
TCCCTTCCCGATTTAAATCCGTCCCTTCACAACACCCTTCTCAAATTATTCATCCCCCACTCCCTATAATAATAATATCATTTACACACA 6120
S L R D L N P W V Q N T L L K L L I P D S W●
TCCCACTACTCCCCCTACCACTACCACACATCTCCACTCCCCAAACTATTTAAACACCCTAACTCCAAACATCTTTTTCACCATTTTCCC 6210
TCTACTACTAATTATTCCTTTAATAATTATCTTTCTTCAATCTAACACTAATAATCCAAACACCTCCCCTCCTCCCTCTCCTCCTAATCC 6300
TCCCCGTCCTCCTCCTCCTACACCTCCAACCCCCACACCTTTTATGAATCCTTTAAACCCTACCATCCCACCTAATCCCTTTATCAACAC 6390
GCCTCAAACCCAAATCTTGTACATAACTGTATAAAAATCAAACGTGTCAAATCCAACAAACTTCCAACCCTCACCCAAATTGTAAACAGC 6480
(ORF5)―→ M K R V K C N K V R T V T E I V N S
CATCAAAACATCCAAAAAACCTACCAATTCCCCCAATTTCATTTAAAAAATCTAACCACTTTACAAACCTATCAAACTCTCAAAATTAAA 6570
DEKI QKT Y ELAEFD LKNL S S LE S YE T LK I K
TTCCCCCTCACCAAATACATGCCTATCCTCACCACCCTCCAAATCACCCACCCCCTCTTCCAAATATTTACAAACAAACCACACACTCGG 6660
LAL SKYMAML S TLEMTQPLLE I FRN KAD TR
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CAAATTCCCCCCGTCGTCTTTACCACATTACCTTTTATACACAATACATTCCATCCACTTCTTACTAATTTTACTAACAAAATCCACTTT 6750
Q I A A V V F S T L A F I H N R F H P L V TドF T N K M E F
GTCCTcACTCAAACTAATGACACAACCATTCCCCCACAACCCATTTTGTTTACACAAAACCA―T T TT T C CCGTCCAC  6840
V V T E T N D T S I P C E P I L F T E N E C V L L C S W D R
CCGTCTATCCTTAAAATCCTAACCCCCCACTTTCACACCGACCCTTTACTAAACTTTCAAAACCATAACTCCAACCTCCCCATACCCAAC 6930
P S I V K M L S R E F D T E A L V N F E N D N C N V R I A K
ACGTTTCCCCCCTCTAACCCCAAAAACACCACCCCCACCCATCATTACCACTCAAATAAACAACCACATTACCATATCCATTTGACCGAT 7020
T F CA S KRKN T T RS D D Y E S NKQ P D Y D MD L S D
TTTACCATAACTCACCTTCAACCCACTCAATATCTAACTCTCTTCCTCATCCTCCAACATCCCTATTTCCATTATTATATTTTT〕υげヽAAT 7110
F S I T EWE A T Q Y L T L L L I VE HAY L HY Y I F KN
TACCCCCTCTTTCAATATTCCAACTCCCTAACCCACCATTCCCTTTTTACCAACAAATTCCCATCCACAATCACCACAAAAACGTCTAAT フ200
Y G V F E Y C K S L T D H S L F T N K L R S T M S T K T S N
TTACTGTTAACCAAATTCAAATTTACCATTCAACATTTTCACCAAATAAATTCAAATTCTGTAACATCACGCTTTAATATATATAATTTT 7290
L L L S K F K F T I E D F D E I N S N S V T S G F N I Y N F
AATAAATAATTAAATAATATACAATCCTCTTATTAATTATATTTTTAATATTAATTAAACTATTAATATTTAAAAAAATCAATCAAACTC 7380
N  K  十
ATCTAAAGTGTCACACCCATAAAATTTCTCCTAAACCCTATTTTC33CTCAACCCCCACCCCTATCATTCCACTCCGTATTACATCTCTC 7170
CCCATAAACTGCAAATGTTTTCTCAATCAAATCACCAATTCCACTTCCACTCCCCCACCTCCAACCCTATCOTCTACCATCCCACCCCCA 7560
CCGGCTCTCCCGCTCCCATCTATAGAAACTTGTTATTATCAACAGTCCCTTTCTAGTTCCACAACACTATTATCCATTTCCAGTTCCCCA 7650
11 s S H S ELQVVS ND I QL E P
CATAAATCTTTAAATATATCAATGTCTTTCTGATCCCCCCCACATTTTTCTAAGTTATTAATAAAATCCACTCACACGTTCCCCCACATT 77れ0
C L HKF I D I D KH HARC KQ L N N I F HV S V N C S M
ATCATTAAATCCTTCGCCTACAATTTCTCC93TCCGTTCTCCGTCTCCCCTACCATCCCCCTAACCCACCTTCTCCTTTTGCCTTCん嗽G 7830
1 M L D K A Y F K D P C N D T H A L M G T W S R T S K A E F
GTTTTCCCCACACACAAAATCTCCCACACTTCCACCTCTCCTTCTCTCCCCGTTACCACAAATCCCAACCGCCCACTCTACTTCTTGTAT 7920
T K R V S L I H‖VQL EAQ TRTVVFGL PA T YKN Y
GTAAATAAATCTCGATAAACCCCCCCCCCCCCAATCCACCTCATCACCTACCCTCCTCCTGTCCCGTTCAACCACCGTCTTATCCACCTC 8010
T F L D R Y L R P A R I C S I V Y A C R T C N L S P T I S R
ACATTAATATTTATCCCCCCACTCTTTTCGTATCCCCTCACCAAACGTCTTTTTCCATTAACATTCTATGTCCCCCCATCTTCTCTATCT 8100
L N I N I P R S N E Y G S V L R T K A N V N Y T P P H E T D
サイF寸Ⅲサ##
AATTTCAATAAATAAATCATAACCCCATTCGTTTTACACCCCATAATAAAAAAAATATTATTATCCTGTTCCCCATTACCCCAGTATAAA 8190
L K F L Y I I V A N T K S P M I F F I N N D E E C N P C Y L
抑町Чト
TTCACCTTCATCTTCAATATTCTTTCAGTTCCAAGTTCACATTC93033GACACCATCGTGAACAACCAAACCACTATCACCCAAATTAA 8280
N V N Mく――(ORF6)              (IE-1)―→ MT Q I N
TTTTAACCCGTCCTACACCAGTCCTCCCACCCCGTCCCCACCOTCCTTCCACAACC33TATTCAGACTTTTGTGATAAACAACACCCCAA 8370
F NA S Y T S A P T P SRAS FD NG Y S E F C D KQ Q P N
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CCACTATTTCAATTATTATAACAATCCCACCCCGGATCCACCCCACACCCTACTATCTCACACCCACACTCCACCACCTTCAAACTTTTT 9460
D Y L N Y Y N N P T P D C A D T V V S D S E T A A A S N F L
CCCAACCCTCAATTCGTTAACTCATCATAACCATATAATCCAATCTTTCCTCAACACCACTCATAATCTCCGACAACCACTTACTTCTCC 8550
A S V N S L T D D N D I M E C L L K T T D N L C E A V S S A
TTATTATTCCGAATCCCTTCACCTCCCTCTTCCGGACCAACCATCCCCCACTTCTCCTTATAATCCGCAATCTTTTCACCACTCTCTTCC 8610
YY S E SLEL PWAEQPS PS SAYNAE S F EQSVC
TCTCAACCAACCATCGGCACCTCCAACTAAACCGAACCTCCACCAATACTTCCACCATTCACAAACTGTCCT―A TTT ACAACAA 8730
VNQ PSAACTKRKLDEYLD D SQSVVCQF NKN
TAAATTCAACCCTAAATACAACAAAACCACAATTCAAACCTCTCCAACCCTTCACCACACAATTAATCACAACACCAACATTTCCACCGT 8820
KLKPKYKKSTIQSCATLEQTINHNTNICTV
CCCTTCAACTCAACAAATTACCCATTATTTTACTAATCATTTTCCCCCGTATTTCATCCGTTTCCACCACAACCACTACAATTCCAACAC 8910
A S T Q E I T H Y F T N D FA P Y LMRF D D N D Y N S NR
GTTCTCCCACCATATCTCCCACACTCCTTATTACATGTTTCTCCTTAAAAAAACTCAAGTAAACCCGTTTCAAATTATATTTCCCAAGTA 9000
F S D E M S E T C Y Y M F V V K K S E V K P F E I I F A K Y
CCTCACCAATCTCGTGTACCAATATACAAACAACTATTACATCCTACATAATCGTCTCTTTCTCCTAACCTTTCATAAAATTACATTTAT 9090
V S N V V Y E Y T N N Y Y M V D N R V F V V T F D K I R F M
CATTTCCTACAATTTCCTTAAACAAACCCCCATACAAATTCCTCATTCTCAACATCTGTCCAACCACCACACCCCTCCACAAAATTCTAA 9180
1 S YN L VKE T G I E I PI S QD VC N D E T AAQ N C K
AAAATCCCATTTTCTCCATCTCCATCACACGTTTAAACCTCCTCTCACTTCATATTTTAATTTACATATGTATTACCCCCAAACCACATT 9270
KC H F V D V B H T F KAAL T S YF NL D MY YAQ T T F
TCTCACTTTCTTACAATCCTT―GA CAAACTGTCCCTTTCTTTTCCCCAACTTGTACCAAATGTATCAACATAAAAATTTATTTAC 9360
VT L LQS LCERKCCFLLCKLYEMYQDKNL F T
TTTCCCTATTATCCTTACTCCTAAACACACTAATCAAATTCACACTCCATCTAATAATTTTTTTCTATCGCCCTATCTCACTCAAATATT 9450
L P I M L SRKE S N E I E T A S N N F FV S P Y V S Q I L
AAACTATTCCCAAACCGTAAACTTTCCCCACAATCCCCCAAACAAATATCTCCTGCACAATTTAAATTTAATTGTTAACAAAAAAACTAC 9540
K Y S E S V K F P D N P P N K Y V V D N L N L I V N K K S T
CCTCACCTACAAATACACTAGTGTCCCTAATCTTTTGTTTAATAATTATAAATATCATCACAATATTCCCACTAATAATAACCCCCAAAA 9630
L T Y K Y S S V A N L L F N N Y K Y H D N I A S N N N A E N
TTTAAAAAACCTTAACAACCACCACCCCACCATCCACATTCTCCAACACTATTTCACTCACAATCTCCATAATCTAAAACCTCACAATTT 9720
LKKVKKE D C S M H I VE Q Y L T Q NV D NVKG H N F
TATACTATTGTCTTTCAAAAACCAACACCCGTTCACTATACCTAACAAAAACGAACACTTTTATTCCATTTCTCCCCACATTAAACATGT 9810
1 V L S F K N E E R L T I A K K N E E F Y‖I S G E I K D V
ACACCCTACTCCAAGTAATTCAAAAATATAATACATTTAACCATCACATCTTTCTAATCACTAAAGTCAACCGAACACACACCACTACAT 9900
D A S A S N S K I士
TCCACAATAATTTGTTAAAATTCTTACCTTTAATATTACAGGGTCTCCTTCCGTTGTCCCACCCTATAACCTTTCCCCAACAAAAACTAA 9990
ATTCTAAATATAAAAAAATTCAATTTAATTAATTATACATATATTTTCAATTTAATTAATTATACATATCTTTTCAATTTAATTAATTAT 10080
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ACATATATTTTATATTATTTTTGTCTTTTATTATCCACCACGGCCCGTTCTTCATCCCCCCTCTTCCATAATAACAATCCCACTTCCTCC 10170
■ RR PAT T SA PHQM I V I P T PA
CCCACCCCTTCCTCCTCCTCCTCCTCCTCCTTTTGTCATCTATCTGTACATAAAATAAACTATTAAACCTAAAAACAACACCGCCCCTAT 10260
C C S C C C C C C C K T M Y R Y I F Y L I L C L F L V A C I
CATCATAATCATCCCCATTATTTTGTTCCCCATCCCCTCACTACTCTTCCACCATTTCCCCACTAAACCTTCTCTTCCCACTAACCAATC 10350
M M I I P M I K N R I C D S S N S S K G V L C E R C L L‖D
TAAACCCAACTCCCCAACTAAATCACTAAACCAGTAAGGTTCGATCCACATCATTGTTTCCCCCCCACCAACATCCCTCATATCTACGTA 10140
L C L D GVL D S F S Y P E I C M I T QGA P L D S I D VY
TTCACCCGAATTTCCCTTACCCCCCCCATTCCTCCCCCCACAAACTCTTTTTTCTCTTTCATACTTAAATCCTTCCCACATCTTCCTTAC 10530
QPSNPNAAPNSCRCVTKETEYNFGoCMNTL
TACCGGCCAATCGTTACCCAACAACCCCTCTCTTCACCAAATGTTAACATCCCACTCACCTACATTCCCGTCTTCACGACAACTCCCCTC 10620
L P S D N AL L P D R S C I NV D S QAL N R D QRC T RQ
CAATAACAAACACCACTCCACCTTTTCTCCCCCGTTTCTACCTTCCACATAATAACTTCCCCCCCTTCTATTCATCCCCTTCATTATATC 10710
L L L C S E V N E C A N R C Q V Y Y S C C T R N I A N I I D
TTCTACTAATCTCCACCCCCTAAACAAAACATAACCCCCCCCCCCCAACACTATCCCCACTCCTCCTACTTTCAACCTTCTCATCTCATT 10800
Q V L T S A T F L L Y G GGAL L I CV GAVKL T RM H N
ATCTAAAC―TTTTCCTCCAGTCCGTTTTCAACACCTTCCCCCGTCCCCACGTTCCTCTCTCGCAACTTTTCTCTCACTCCATTCCA 10890
H L R P N QQLAN QVGE P T RVN T E P F NQRVAN S
TCCCCTCTCTTTCGTCTCCTAATCAAAGTCTGCCACCTTCTCCATCCCCCCCAATTCCCCCAATCACTTTATTTCACCCTCTCAAATCCC 10980
R T QK T HY H F D PVN DMRRL QR L S N I Q P D S I C
CTCAAATACATTCCGTATCTTCCCCACATCGTTGTTACCACTCATTCTCTTTATCTCTGAACTCCTCACAAACCCCTTCTTACATAATTC l1070
Q F V N R I N PV D N N R T I R N I D S T S V F RN N S L Q
ATACCCCCCCTCATATCTCTTGTTTCCAACCTTCCGTACACTCCCCCCCTTCACCACATTTGTCAAACCGCCGCCACTCCTTCTTAAAAG ll160
Y G P Q YRN N G L N RV S PAN L V N T F GA P T S T L L
ACCCGTATTATCACCAACAAAACTCCCCTCATTACCATACAATTTATTCACTCTACGAACATTTCTAAAAAAACTCATTTTAAACCAAAC l1250
R  T  N  D  A  L  F  S  A  Q  N  P  Y  L  K  N  V  R R  L  N  T  F  F  S  M  く……(ORF8)
TTATTTAATAAATATATCACAGTAAACGTTTTCCAAAATTCCCCTCGTCAATACAACACCCCTCCCCCCCCATCTTCGTAAAATCTAATC l1340
TTCTCCTTCCTTTAGATTTT-6ACA―CCATT CTT TGTCACTCATTTCCACGTCTCCATTATTTGTTGTGTAACCTACTTCAA l1430
TGTATCAACCGACTTTAACATTATTATAATTTTTTTTAAATATTCATCCCTTCCACCCCCCTCCTTCATACGGATCATATCTCTCCATTC l1520
TATCATCCCTAAACTTATATACCCTTTCAATAAATATCTTCAAACCCAACATCATTACAATATACATAATACTTTATTTCTTTTTTATAA l1610
TTATTTTTATTCTTTTCAAATCTAAAACACCTAACCATAACCATAACCATAACCATAACCATAACCATAACGATTCACACCACGAGTTCA l1700
GTTCCGTTAACACACCAATTCCAGTACATTTTCCCCATCCTACTAAATCTAATCCTTTTTACATCTCTCTCCCTATAAATCATACATTAC l1790
AGTTACTTTCTTCTCAACCATTTCAATTTCATCCAAATCTTAAACATTCTCTTCCTATATCACATTATCCATCTACTCCTAACCAAAACA l1880
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AAAATAAAAATAAAATTTATTAAATATATTTTATTATTTATATTATTTACAACACTTAAGGTTTACACATCTCAATAGTGTATAACTCAC l1970
士 P K S M E I T Y L E A
CAACTAATTCACAATTACCACCCTCAAACTCTCAAAATTTCCCTTCAGACTCCCCCACCTCCTTACCCAATTCTTCTTCCACATCATTCA 12060
VLE S NRRE FQ S FKAQSEAVQKRLQEQL D NV
CACTCCATTCCAACTCTTCTCTTTTCTTCCTAAATTCTTCCAAATCACCATTTCCCCATTTTAATTTTAATTCCCTAATTTTATCTTCGT 12150
T SQL EQTKKT F E EL DRNAWKLKLE T I KH E H
GTTTAACCATACCCTAGTCCCACTTTAACATACTCATTTTATCTTCAACTTCCCTCTTCTTCCCTCCCACCTCCCACCGTTCTCTTTCCA 12240
KLMAYDCNLMTMKHEVQS NKARLE SREREL
ATCCCTCCACATCGTTTAAGTCTATAATCCCATTCTTCACCGTCTTATTTTCTAAAACCTCACCCCAATCCTCTTTCATCCAATCCCCCT 12330
REVD NLD I I RN NV T NNELL ERWHQK I S DRN
TACCAATCACCCTTAACCCCATAAATTCTACATACCCGTCCTTATTCTACACCCCAAAATCTCATCAACTACCCCTCCAAAAACATTTGT 12420
R I L T L P M F E V Y G H K N Y V R F D S S S A S C F C K Y
ACGTACAATTCTCCATAATTATCCTCACATAACATTTCAAACACACACCATCCTTACAATCAATCGAACTCACAAACCAACAATCTACGT 12510
T S N D M I I R V Y C K F C V A H N C D I S T V F S S D V N
TTTTACTCTCTTTTAAACTACTAAAACAAATATTACACCAAACCTCTACTTCTTCCCCTTCTTCTTCTTCTTCTTCCTCGTCTTCATCTT 12600
K T D K L T T F C I N C S V E V E E C E E E E E E E D E D E
CCACTTCTAATTCATCCTCCTCCCCACACTCCCCCGACTCAAACAAATCTCCCCACTCTCATAATACGTCATTCCACCCATAACCTCCAC 12690
L EL E HQQ P S Q P S D F L D PS QS LV D N S PY P P S
TATAACCGGCAGACCTTCCCCAAATTTCACTCATCACTTCTCACTCAACATCTAAACCTCCCTCCACACCCCTCTCCCCACCTGTCTCCG 12780
YAP SRP S I E SML oS E L DL CRQLARQAAT E S
ACCCAATCCTATTCTCCTACTCCTCACAAACACCATCCACACTTTCAATCCTCTCATCTTCTTCACTTAACAACCCATCCTCATTCCTAA 12870
A I S NQ YQQ SVRDV S E I T D D EQ S L L PDD N S I
TCTTAACCTCACCCTCCACCTCATACCTCACACCCTCACTATCCTACCTCCCCCTCAACCCCTCCTTGGCCTTTCCCATAATCTCCACCT 12960
NVQGHVHY T VCoSHY TRT L PE NAN C I I QvN
TGTCTTCCCTCACACCCTCCTCCTCACTCCCCTCCTCACCCCCACCTCTCCCACTCCTTCAATACCCTTCCCTCCCACTCCTTCAATACC 13050
D E SVRQEQ SRE QRRRRRS S S Y PQSRS S S Y P
CTTCCCTCCCACTCCTTCAACACGGTTCCCTCCCACTCCTTCAACACCCCACCCCTTCCCCACATCTTGTAAACTTAATCCCACCACCCC 13140
Q S R S S S S P Q S R S S S S PL AE P S T T F N I RRR S
TCACACACACCCTCTCCCCCCCCCTGCTCCTCCTCCCACTCACGGCCTTCATTTCCCCACTCATCCCTCCCTCOTACCCATACTCTTCCT 13230
L  S  L R  H R R  S  S  S  S  P  T  V A N  I  Q R  S  M く――(IE―N)
脚 #                    寸HHI士絆 調卜               'Vf lV士ヤ
TACCCTCTCACCCTTGAACTCTCCTTACCAGTAGAACCATCACTCTATTTATACTCTTTATCAGTACTCTACGACTCATAACACAATACT 19320
CATAACCCAACTTGTCACCCAAAAATCAACTTTTTTGTAATCCAAAAAACTTCATACTCTAGTACTATATTCACACCCTATACTACAGTC 13410
TACACTATTCTAATAAAATAGTCTACCATTTCTACACTTCCTACTCTATATTATATGTCAAACATACCCCAACTTTTTTCTATTCCAAAA 13500
Fig. v―■4。  continued.
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AAATTCATTTTTTAATTTATCATATCACACCCTTCACTACTCTTATCTGTCCCCACTCACCCGTACACCTATAACATATCACACCCTTCA 13590
ヤツVりЧH胃}                          ‖,キ|#
GTTTCTCTTATCTCTCCCCACTCACCCCTACACCTATAAAACCACACACTTGTCAACTCCTAACCACACTTTGTTCCCCACACCCTCCCA 13680
ATAACCAAAATCCCAACCCACACCAACAATCCCCCCCCCCACCCCTCTACCCCATATCAACGTCCTACCCTTCAACATCTCCACACACAG 13770
(PE-38)―→ M PR D T N N RRRHRS T P Y ER P T L E D L H RQ
TTCCAACACCCTTTCCACAGCCCCTATCAAATCCCTACAACCCACCCTCAAAACCCCCTCCCCACCATACAAATAAAACACCACCCAATC 13860
LE DAL ERRYQMRRRQRQNRLRT I Q工 KQ QRM
ATCCCCCAATTAAACAAACACCCCCTAATTAATTTTAAATTTCAGTCCACTGTCTCTTTCGAAACATATTCTCAACAATCTAACCATACT 13950
MAE L KKE PV I N F KF E C SVC FE T Y S QQ S N D T
TGTCCTTTTTTCATTCCCACTACGTCCCACCACCCTTTTTCTTTCAAATCCCTCATCCATCTCCAAACCAACCCCATCAATATTCCACAT 14040
C P F L I P T T C D H CF C FKC V I D L Q S NAM N I P H
TCAATTGTCTCCTCTCCATTGTCCAATACCCACCTAAAAATCTCCCCTTCTTTAAAACCTAACCCTCTTGTCACCTCTAACTTTTACAAG 14130
S I VCC PLC N TQVKMWRS LKPNAVV T C KF YK
AAAACTCAACAAACACTTCCCCCCGTCCACCAATATAAAAACATTATCAAACTCCTACAACAACCCACCGTGATTAGTCTCCAAAACACC l1220
K T Q E RV PAV QQ Y KN I I KVLQE R S V I S V E N S
CACAACAATTCTCACATAAATATCCACAATCA03CAAAAATAGTTCCTTTCCAACCTCAATTAAACAACCAAAAAAATCACAGTCATCAA 14310
D N N C D I NM E N QAK I VAL EAE LKN E K N H S D Q
GTAACTTCTCAAAACCCACACCTAATACACCAAAATACTCCTCTCAACCAACACCTTCAACAATTCCACCGTCACGTCAGCACATTCCCG l1400
V T S E NRQ L工E E N TRL N E QVQ E L QRQV R T L A
CCCCAACGTCCCATTACCCTTAATCCGCAAATACGCCGTCACCACCCTCCCCCACCCCAGCTCAACCACCCTTTTCCCTCACTCGTCTAT l1490
PQRC I TVN PQ I CRD DRAPAE L NE RFRS L VY
TCCACTATTTCACAACTCTTTATTCAAAATCCCGTTCATACTATTCAAAATTATGTTTATCCCCCAACTTCTCGTCCTCCTACTTCATGT 14580
S T I S E L F I E N RV H S I Q N Y VY AC T S CA A S S C
GATCTAAATCTTACTCTTAATTTTCCCTTTCAAAATTAATCTCATATGTATGTATAAATGTATATATAAAAATGCTCAAACAACTAATAA l1670
D V N V T V N F C F E N士
ACCTTTTTTATTTGTTTTTTTTATTTTATGTCATTAACAAACTTTTAACATCCATAGTACTAATTCTATTAAAATACATCTAAAATACCA 14760
TATCCCCTTACATTATCAATCTCACATTAACCCACATAAAAACGTTCTAAATCCCTATCACCCTATCGATCTTCACCCCAACAAAAAATT 14850
TATAATTAATCATAATCACCAACAACTCCATCAAACAAACAAACAACAACTCCTCCATAAAACTCACCCAACAACATACAATTCTTCCAT 14940
CATAAAAATTTAAATCATATTATAATTTAAAATAACAATGACATCATCGTTTCATTGTCTTTTACACCTACAATTCTACTCCTAAACCCA 15030
GTTCACTTTTCAAAAACAAATCACATCACCTCTTCATTATCTTTTACACCTACAATTCTACTCCTAAACCCACTTCAGTTTTCAAAAACA 15120
AATCACCTCATTTCTTCATCATCTTTTACACCTACAATTCTACTCCTAAACCCACTTCACTTTTCAAAAAACAAATCACATCAATTTTTA 15210
TTTTTATAATAAATCACATCATTTCTTCATCATGTTTTACACGTACAATTCTACTCGTAAACCCCCTTCACTTTTCAAAAACAAGTCACA 15300
TCATTTCTTAAATTAACTTTTCAAAAACAAATCACATCACCTTTCCATCATGTTTTACACCTACAATTCTACTCCTAAACCCAGTTCAGT 15390
TTTCAAAAACAAGTCACATCATTTCTTAAATTAAGTTTTCAAAAACAAATCACCTCATTTCTTCATCATCTTTTACACCTACAATTCTAC 15480
Fig. v―■4.  continued.
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TCCTAAACCCAGTTCACTTTTCAAAAACAAATCACATCATTTTTTTCATTATCTTTTACAACTACAATTCTACTCGTAAAACCACTTCCC 15570
TTATCACCCGTCTCCAAAAAATGACATCACCTTATCACATCACCCACTCATCCTCCCTTACAACTATAATTCTACTCCTAAAGCCACTAC 15660
ATATTTACTTACCTTTCTCACATAACATTCAAACCACGTCTAAAATCTTTCCCCCCCGTTCCCACAACTATTTACACTCCCCCCAACTTA 15750
(ORFll)―→ MF PARWH N YL QC CQV
TAAAACATTCTAATCTAATATCTTTTAAAACACCTTTCCAACCCGACTTCTTTCCCTACCTCACTACCCAACAACATGTGTCGACCACAC 15840
1 K D S N L I C F K T PL Q P E L F AYVT S E E D VW T T
AACACATACTAAAACAAAACCCCAGTATTCCACCAATAATCCATTTAACCAACACCTCTAAATATTATCATCCTCTCCACTTTTTCCCCC 15930
EQ I WKQN PS I CA I I DL T N T SKYY DCVH F LR
CCCCCCTCTTATACAAAAAAATTCAACTACCTCCCCACACTTTCCCCTCTCAAACCATCGTTCAACAATTTATTCACACCCTACAACAAT 16020
A C L L Y K K I Q V P C O T L P S E S I V Q E F I D T V E E
TTACACAAAACTCTCCCCCCATCTTCCTCGCCGTCCATTCCACACACGCCATTAATCCCACCCGTTACATGGTGTCCACATATTTAATCC 16110
F T E K C P C M L V e V H C T H c I N R T G Y M V C R Y L M
ACACCCTCCCTATTCCCCCCCACCAACCCATAAATACATTTCAAAAACCCACAGGTCACAAAATTCAAACACAAAATTACGTTCAACATT 16200
H T L C I APQEA I NRF EKARGXK I ERQN YVQ D
TATTAATTTAATTAATATTATTTCCATTTTTTAACAAATACTTTATTCTATTTTCAAATTCTTCCCCTTCTTCTACCGAATCAAAACTAA 16290
L  L  I  士
Ⅲ N I N NA NKL L YK I RN E FQQAE E L S D F S I
TCCTTCCCTTCCTACGTTTACTTTGTACCCCATCAGTCCCCTTCTTCCAATCCACCCTACCATTACCCCCCATATTCTCCACCACAATCT 16380
S RK S RK S Q L RD T A N N WD V T P N P R I N E VV I N
TCCCACCCTCCATCTT TTTCCACCTACGTCTTTTCCCCCCTAATACCCGTAAACGTAGTCCCGTCCCCCGTCA 16170
AAD I NRKHKQS EVY TKQGT I AT F T T CDRTV
CCCACACCACCCCATCTTTCCCCTTGTCCCCCCCCTATTCAACCCCCCCATCCCACAAATCTATCATTTTCCCAATTAAATTCCAGACCT 16560
C L V P HKRKD A P Y QVARD S L D I MKA I L N S V Q
CCCTCTCTTTAACCTCCAACAACTCGTCTTTTTTCTCCATCATTTCATCTTTTCTCTCCATAGTTTCCTCAAACCCCCTCTACATCCGCT 16650
T DKVQL L E DKKHMMEDKRQMTE Q F CT YMRN
TCACCTCCGTCATCACCCCCCTCACTTCCAACTCTTTCCCCTCAATCTCCTTCTCCTTAATTCCCATCATCCCTTCCATAAACTCTTCCT 167埼0
L D T MVRT VQ L DKAE I QK D K I A I I RE I F E QK
TTTTAAAAACTTCCTCGGTTTTTTCCCCCACCACCCCTTCCACCCCCTTTCTCTCCTCCGTAAATGTCCCAATCAGTTTACTCACCAACT 16830
K F L E E TKQAVV AQ LAN T H E T F T A I L K T VL Q
GTTTCTTCTTTTCCTCCTCTTCTTTAATTCCCCCGTCCTACTTGCCCGTCCATACCACTTCACCAATTACTTCTTCTAAAACCCATTCTT 16920
KNKE EQQK I APD YKG TC LVQP I VE E L L WE Q
CTAATTCTATCCCCTACCCAACCTT 3' 16915
L E I A Y P L K
Figa V…■4.  continued.
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vl cenera■ Discussion and Conclusion
Expression systems using baculovェr es espec■a■■y NPVs
have recently become very pOpu■ar for basic research and its
applications to agricu■ture and medicine.  Recent advances
■n mo■ecular bio■og ca■ techniques have a■o a■■owed the
genome of viruses and living organisms to be manipulated.
severa■ NPVs inc■uding BmNPV and AcNPV pOssess advantageous
characteristics which a■■ow these types of manipu■ations.
BmNPV and AcNPV have estab■ished c l■lines which support
sufficient viral replication and allow the isolation of pure
clones by plaque assay.  They also possess a viral genome
composed of circular double―str nded DNA′ which can be
easi■y hand■ed by modifying enzymes.  Furthermore, NPV
possess a unique gener the polyhedrin gene, whose gene
product can aggregate and form proteinacious crystals which
encapsulate many v■ral progen■es.  The pOlyhedr■n gene ■s
not essentia■ for production of vェral partic■es, and has a
very strong promoter activated at a late stage of infection.
Crysta■s of this gene product′ polyhedra, are visible under
the light m■croscope′ and can be used as a marker for
■nsertion of foreign genes.  These character■tics have m de
bacu■oviruses extremely useful as gene expression vectors.
In contrast to other DNA viruses with similar or larger
genomesァ uch as the vaccinia virus (■80 kb genome)′
molecular biological know■edge of NPVs is ■imited。
Nuc■eotide sequencing is one of the most powerfu■technique
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to study viruses at the DNA ■eVelo Bacu■oviruses posSess
genomes of about ■30 kb in lengthP howeVerr sequence
information of only 40Z Of the AcNPV, ■ そ Of Q.
pseudotsuqata NPVP and ■-5そ Of SeVeral other NPVS including
BmNPV iS avai■ab■eo  My thesis prob■em has focused on the
c■ar■fication of the genome structure of baculov■ruses.
BmNPV WaS chosen because it is a ma]or disease in
sericu■t re and is current■y sed as a high■y effic■ent
vector for the express■on of foreign genes.  The BmNPV
expression system in particular has an additional
advantageous character■stic of having a usefu■ ■arva■host′
the s■■kworm′ for eXpress■on in v■Voo  Another advantage of
using BIRNPV fOr basic research is the availability of AcNPV
sequence ■nformation for comparisono  S■NPV Wa  a■so
ana■yzed as part of my thesis prob■em.  This virus has been
extensive■y studied for application in the contro■ of a
major pest of vegetable crops in 」ap no  Litt■e information
of the molecular biology of SlNPV iS avai■ab■e (see Maeda et
a■●7 ・ 99°)・
From this starting po■nt, gene ■ibrar■es cover■ng the
entire genomes of the two viruses were initia■ly construct d
using p■asmid vectors.  By hybridization and doub■e―
digestion experiments, complete phys■cal ma s for severa■
restriction enzymes of the two vira■ genomes were
constructed.  This bas■c information has contr■buted great■y
to the molecular biological studies of this thesis.  This
■nformation w■ll also be very useful for bas■c research and
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its applications in the future by other scientists.  using
the gene ■ibrary and assoc■ated information, the
characteristics of the po■yhedrin gene and gene structure of
NPVs were studied extensively.
In section lv′ the po■yhedrin gene was analyzed by
var■ous procedures.  studies of the sorting mechan■sms of
proteins ■ocalized in nucleus and the crystallization of
po■yhedra and amino ac■d sequence relationships were
conductedo  Four different polyhedrin genes of BmNPV and
SlNPV vere iso■ated′ sequenced′ and characterized.  Amino
ac■d sequence substitutions were found to be respons■b■e for
changes in the polyhedral structurer e.ge po■yhedra■ o
cubo■dal.  By analys■s Of sequence ■nformation of the
po■yhedrin genes of two iso■ates (oT2 and CC5)of S■NPVァ it
was specu■ated that oT2 be■ngs to AcNPV and cc5 be■ongs to
a new virus group of slNPV′ which has some re■atedness to o.
pseudotsucrata NPV.  These studies indicate that sequence
ノ
analyses offer an effic■ent approach to viral systematics
and evolutionary studies.  Based on the studies of the
effects of the 5′ non―trans■ating region of the po■yhedrin
gene for foreign gene expression (HOriuchi et al.′ ■987)′
new transfer vectors w■th high express■on character■stics
and with multip■e c■On ng sites were constructed.  This type
of transfer vector is current■y used fo  high expression of
foreign genes all over the wor■d。
To utilize the polyhedrin gene′ the bas■c c■entific
question of′ :'why does the nuc■eus contain specific
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proteins?‖, was studied.  Protein ■oca■ization in specific
organelles in eukaryotic cel■s is very importante  Recent
molecu■ar biologica■ studies have revea■ed that proteins
have their own internal signa■s for ■oca■ization.  Two maぅor
hypothesis have been proposed for the mechanisms of nuc■ea
■oca■ization of prote■ns.  However′ th  true mechan■s  ■s
stil■ unclear.  I chose the polyhedrin gene for this study
because the po■y drin gene ■s high■y expressed′ mo ified
eas■■y, and non―essentia■ for v■ra productiono  A spec■fic
consensus nuc■ear ■ocaization signa■ found in other
eukaryotic ce■■s was also found in the BmNPV po■yhedrin
gene.  These resu■ts showed that insect cells fo■low th
same prote■n rafficking ru■es within ■nsect ce■■s as found
in other eukaryotic ce■ls.  Furthermore′ c ysta■■ization of
polyhedra was found to be controlled by most of the amino
ac■d sequence of polyhedrin.  This result is cons■stent w■th
data showing high conservation of amino ac■d sequences of
po■yhedrins (Rohrmann, ■986).  It waS a■so revea■ed through
deletion experiments that ■)the shape of polyhedra is
controlled by c―terminus amino acids and 2)pOlyhedral size
■s contro■led by am■no ac■d sequence ■nformation.  These
po■yhedrin de■etion exper■ments may contr■bute to study Of
the mechan■sms of s■ze determination of organe■les in
eukaryotic cel■s.
In section v′ the gene structure of BmNPV was
discussed.  Homo■ogOus■y repeated sequences (hr)were fOund
■n all bacu■ov■r ses examined.  It has been shown that hr
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has an enhancing activity′ however, its true mechanisms are
still unknown.  Detailed comparison of sequence information
between AcNPV and BmNPV′hr regions showed high conservation
of sequence and ■ocation, indicating the ■mportance of these
regions in the bacu■ovirus genomeo  ln addition′o e
■nversion of an hr sequence was speculated in the BmNPV
genome by detailed homology searcho  About l kb was inverted
at the 2■.2  map unit position of BmNPV and AcNPV.  Since
■nvers■on of the po■yhedrin gene of OpNPV has a■so been
reported (B■iSSard and Rohrmann′ ■990), inVersions
assoc■ated with hr regions were speculated to occur
commonly.
The entire sequence of a fragment (abOut ■3そ of th
genome)containing four important immediate―ear■y ge es in
the AcNPV genome was determined.  Detailed analysis of this
region′ showed that bacu■oviruses were covered by relatively
unique sequences except in the hr regions.  These unique
regions conta■ned open reading frames, which were presumably
transcribed and translated′ and separated with up to 500 bp
of non―trans■ated regions conta■ing promoters and
termination signalso  Early gene promoters or/and late gene
prolnoters (see BliSSard and Rohrmann, ■990)were fou d.
Most ORFs had a poly (A)+ signa■ close to its
transcriptiona■ stop.  when the corresponding ORFS between
BmNPV and AcNPV were compared′ the amino acid sequences were
generally highly conserved′indicating the importance of the
gene products.  It was a■so shown that non―translated
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regions had relative■y high mutation rates including
deletions and insertions.  In the near future, the entire
BmNPV genome sequence wi■■ be determined.  This information
wil■ show a clearer picture of how the bacu■ovirus genome
operates.
In conclusion, I devised a basic system to study two
■mportant NPVs using v■ral genomic ■ibrar■es.  Based on the
unique characteristics of the polyhedrin gene′the fol■owing
were performed: ana■ysis of viral systematics′ structura■
ana■ys■s at the DNA leve■7 anlys■s of the nuclear
■oca■ization mechanisms of po■yhedrin, and construction of
improved expression vectors.  Final■y, the genom c
structures of NPVs were characterized by ana■yzing
homologously repeated and unique sequences.  This
information has shed light on the organization and
mechanisms of the baculovira■ genome and will be he■pful for
the application of these viruses to agriculture and
medic■ne。
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